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Boston, March 17, 1886. 
John H. Mills, Esq., Buffalo, N. Y. 

Dear Sir: Your favor of 1 5th inst, askiog my permission to reproduce plates 
and diagrams illustrating combustion, originated and used by Professor £. W. 
Dimond in presenting my invention for burning fuel, came duly to hand. 

You are at liberty to make such use as you may see fit of the *^ Chemistry of Com- 
bustion *' in illustrating and presenting your forthcoming volume. 

I most willingly grant your request. I would further say that I am glad to learn 
that you intend giving to the public the results of your experiments and practice in 
wanning and ventilating buildings by both ** direct " and " indirect " systems. 

I know that your methods are original, and I believe them valuable. I shall be 
glad to see your tabulated statement of the results accomplished by your system of 
fpuchanical ventilatioH which I saw in operation in the public schools and at the 
State Insane Asylum, Buffalo, N. Y. 

If the principles on which your book is based, and their intimate connection with 
the health of homes and the progress of civilization were understood, it would be 
sought more eagerly than any romance. Life and health have greater attractions 
than any fiction, and the chemical processes that build up and tear down the human 
system are more marvelous than Munchausen's wildest fancy. Chemistry is the science 
<^ immortality. Not the immortality of theology, but the immortality and indestruc- 
tibility of every particle of matter. It is not atheism, but the sunshine of civilization. 
It teaches us how to make good bread and butter and the requisites of a healthy 
kitchen; how to forge steel and iron, to warm oQr houses, and to prevent disease. 

Ventilation is the removing of noxious exhalations beyond the possibility of again 
entering the lungs. Every drop of blood in the system passes through the lungs 
twenty-eight times in one hour ; and, if these exhalations again enter them, health 
must suffer and disease increase. One of our most eminent physicians, in an address 
to the people of the State, said that pure air was of more value for restoring the sick 
than any medicine he could give. An analysis of the air of the highlands of Scot- 
land, as compared with that of the houses of Lx)ndon, led the government to compel 
sanitary changes that reduced the death-rate from fifty-five to less than twenty-two 
per thousand. 

In our Public Garden stands a monument commemorating the discovery of 
the uses of ether for alleviating pstin. It is of granite, senseless and cold, yet warmed 
by himian sympathy. Pain yields to the physician's skill, and the sufferer sleeps 
with the confidence and trust of a child on its mother's breast. This monument, with 
its symbols of relief for suffering humanity, is a fitting representative of your work. 

Pure air in that wholesome quantity that nature asks and pleads for prevents dis- 
ease, while ether only conceals it beneath her insidious slumbers. 

Whoever has warmed one home with pure air and properly ventilated it^ has 
extended the field in which men^ women^ and children gather the fruits of happiness. 

Wishing that your labors may meet with the success and appreciation that they so 
fully deserve, I remain. 
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PREFACE. 




'AVING published, in 1878, a treatise on the application of steam 
to heating buildings, which being well received, and still in demand, 
the writer has decided to supply additional copies of this circular, and 
at the same time to comply with the requests of friends to put in some 
permanent form the results of his later work and experiments in the general 
application of heat and heating appliances. 

Twelve years devoted to invention, manufacture, the use of liew 
machines and methods, nriay not be the requisite preparation, in a literary 
sense, for the production of a booTc largely in the domain of the sciences, 
but since the sciences to be of value must have a practical application, the 
record of such as have fallen under the writer's personal observation, with 
a compilation of the work, experiments and opinions of prominent En- 
gineers, will, it is hoped, be acceptable, not alone to his friends and 
fellow workmen, but to the Architect, the Heating Engineer, and the 
individual who would build for himself or others a home worthy of the 
name. 

In surrendering for a time other tools in favor of the pen, the writer 
avails himself of a long-desired opportunity of greeting his earlier and later 
friends, those individuals and companies, his first and later employers, 
whose ambition and desire for progress, prompted them to encourage 
experiment, and reward efiforts to reach their own high standard of excel- 
lence in manufactures, in the arts, and their application to the problems of 
heating and ventilation. 

As but a limited time could be devoted to these pages, errors and im- 
perfections will doubtless appear to those more proficient in scientific learn- 
ing and the art of book-making; but their usefulness need not be impaired 
on that account, if they aid those seeking practical information to correct 
false impressions, to remove uncertainties, and raise the standard of heating 
and ventilation to a place which they have failed to reach, but which their 
importance demand, 

IN H, MILLS, 
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INTRODUCTION. 





HILE oonsidering the preface a Bufficient explanation of the motives 
prompting the following pages, some farther reference to the aim 
of the writer and the origin of the work seems desirable and due to 
the reader, who, having kindly given his attention and patronage, 
will be protected from surprises, while the author may claim the right to be 
judged by his own statements and intentions rather than by other standards 
liable to be set up for him, to which he lays no claim. 

A mechanic by trade, an amateur in the sciences, without the advantages 
of a liberal education, and constrained to daily labor, may not hope to add to 
his other records originality of theme, the grace and polish of the scholar, 
or the accuracy of the mathematician. 

It is not, therefore, in a literary line or as a teacher of the sciences 
Uiat the author expects approval, and his effort to show the relation and 
value of the sciences to the construction and operation of heating apparatus 
may be all too crude to satisfy even his friends. 

But as these same friends have so often and kindly urged him to put his 
studies, experiments, and constructions in some connected and readable 
form, they must bear their part in the responsibility, if the result is not a 
credit either to their partiality, or the author's desire to make a fitting re- 
turn for it. A few of these letters are introduced showing the inferences 
stated, also that the interest and expression of it were not confined to one 
occupation or locality. 

It was not the author^s original intention to attempt a large or elaborate 
treatise, even in the lines and subjects most familiar to him, or to essay an 
exhaustive compilation of what others had done, said, or written, except in 
BO far as would bring under review in some regular and consecutive order 
the several subjects and sciences embraced in any intelligent study of Heat 
and Heating Apparatus. 

The first estimates of the size of the book and time required, for a 
review of the main conditions, has been largely exceeded, and what was 
at first intended for one volume has become two, with a probability of a 
third, or hand-book, into which may be bound all the key pagea^ tahlesy and 
diofframs^ for facility of reference, outside of any study of the sciences 
involved. 

That the author has also been his own publisher, should explain the time 
required and something of the financial and other burdens assumed, being 
compelled to desist from contracts and other remunerative labor for the past 
two years, while much time had previously been devoted to collecting and 
arranging the record of his own and the reported work of other Engineers. 
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However much may be understood by engineers or specialists in these 
branches, there yet appears a dearth of practical information among other 
classes as to the main and fundamental principles governing the production 
and application of heat, to say nothing of the use of materials and labor that 
may be saved or wasted by imperfect plans and faulty execution. 

As evidence of this, one has only to ask a simple question of different 
individuals connected with heating and ventilating operations, to learn that 
scarcely any two of them agree in theory or practice, or recognize any law 
or principle other than those which fit their personal operations or the 
machines they have for sale. 

It is not assumed that every inventor, workman, or steam-fitter should be 
the graduate of some technical school or other institution of learning; but 
the writer would impress upon all his readers, that such is the relation 
of sciences and practical knowledge to every operation connected with the 
heating and ventilation of buildings, that no one can wonder at failure, or 
expect success without a knowledge of principles, as well as practical 
construction and operation. 

While addressing himself to the Mechanic, the Inventor, and the Manu- 
facturer, and endeavoring to make his work and conclusions clear from the 
standpoint of their practical experience, he trusts that his handling of the 
sciences will not be below the notice and requirements of Engineers, 
Architects, and Professional men, and that the student in the higher branches 
of learning may find here the union of theory and practice^ without which no 
desirable results have or can be obtained. 

Although there may be nothing really new in principles, and nearly every 
possible application of them has had some example, still, seeing how little of 
the forces and elements available foreman's advancement has been exhausted, 
and that a new use or better application of known agents is claimed as 
Invention, and credited as Discovery, the writer, having the courage of his 
convictions, will try to show how " tioo blades of grass may be made to 
grow where btct one grew be/oreJ*^ 

The inquiry starts where the writer's study and experiments began, but 
does not siop with them, since no one man, be he ever so energetic and 
industrious, could, in the few years available for this class of work, compass 
both the theoretical and practical bearings of the many trades and sciences 
involved. It thus happens that the author's original matter forms but the 
smaller part of the total text, the rest being made up from the words and 
work of different engineers and writers who, with better preparation and 
ability, have contributed to this library of special information. Although 
the works and writings of others have been freely consulted and quoted 
from, it has been the intention to " render unto Caesar " that which was his, 
although it has been almost impossible to mention every source of informa- 
tion so received. A full list of books and papers consulted will be 
found at the end of the first volume, 

% 




Digitized by 



Google 



^ The Warming and Ventilation of Buildings. 






CONTENTS-VOLUME L 



PARTS FIRST, SECOND, AND THIRD. 



THE SOLID, LIQUID, AND GASEOUS FUELS - BOILERS AND 

FURNACES. 



PART FIRST — COMBUSTION. 




CHAPTER I.— HEAT, ITS NATURE AND SOURCE. 

Page. 

The Principal Sources of Heat are the Sun, Mechanical and Chemical Action . . 11 

Effects of Heat are Expansion, Liquefaction, Vapoiuzation 12 

Abundance of Fuel the Basis of National Prosperity 13 

Fuel in the United States — The reckless destruction of Forests 14 

Forests exercise a powerful Influence on the quantity of Rain and Dew .... 15 

They act as Reservoirs for retaining the Water after Rain has fallen 16 

Composition of Wood — Value of different kinds for Heating Purposes .... 17 

Table No. 1 — Experiments on Wood, Charcoal, Coal, and Coke 18 



CHAPTER II.— MINERAL COAL AND ITS PRODUCTION. 

Constituents of Mineral Coal — The best natural source of Heat and Power . . 19 

The Yearly Production of Coal in the United States, and its Value 20 

Bituminous Coal — Varieties of Mineral Coal ; Physical Properties 21 

Description of Bituminous Coal, Cannel Coal, and Coke 22 

Connelsville Coal — Charcoal; its Production from Wood 23 

Peat as an Article of Fuel — How Peat is Formed — Peat Charcoal 24 

Its Use in Europe for generating Steam — Chemical Composition, etc. (Table) . 25 

Curiosities of Coal — The Numerous Products derived from Soft Coal .... 26 
Waste of Coal in Procuring and in Burning — Experiments with Anthracite and 
Bituminous Goal by Chief Engineer Baker, Chief Isherwood, U. S. N., and 

the Baltimore & Ohio Railroad 27 

Relative heating value of different varieties of Coal — Experiments by Prof. 

W. R. Johnson — Table No. 2 . . . . \ 28 

CHAPTER IIL— COMBUSTION A CHEMICAL PROCESS. 

Importance of a knowledge of the elements of Chemistiy 29 

What is Chemical Action? — Elementary and Compound Sul stances 30 

Only Four Elements employed in Combustion — Chemical Affinity 81 

Every direct Chemical Union is attended with the Liberation of Heat and 

peiioraUy of Li^bt—Woiulerful power devela]K'd , 32 

Substanc e s u ni te on 1 y in Do lini to P lopo rt ion a — I ,a w o f M ul t i ii le P ro p or ti on a . 3:1 

ConibinatioTi of Gaaes — Atoms compared to MercliandiBe in Sei^led Paekngea . ^4 
^U Atoms of the same Element possesi^ exactly the aatne Woight- 

Canilniiing Number or Equivalent — Bkcapitulation 85 

*ta of Experiment, Theory, and Practice with differeni fuels ...... 36 



\ 



T^ 




Digitized by 



Googie 



/ 






^^ 



Heat: Its Science, Production, and Application. 



CHAPTER IV.— ELEMENTS EMPLOYED IN COMBUSTION. 

Paok. 

Oxyfip^n— Its Properties— Remaiicable Affinity for other Elements 37 

J9ydro(jren— Obtained by the Decomposition of Water — Nitrogen 38 

Carbon forms the Solid Basis of most Fnel — Phosphorus and Sulphnr .... 39 

Carburetted and bi-carburetted Hydrogen Gases — RscAprruLATiosr 40 

Notions of the Ancients respecting Combustion — Recent Fallacies 41 

No Element will bum unless brought in Contact with other Elements — 

Meaning of the Term, Combustion 42 

Union of the Oxygen of the Air with the Carbon and Hydrogen of the Fuel . . 43 

High Temperature Indispensable — Burning of Oil and Gas 43 

Combustion a Chemical Change and not Annihilation of Matter 44 

What takes place when we kindle a Fire. — Combustible and Supporter ... 45 

Quantity of Heat eyolved by the Ignition of Carbon and Hydrogen 46 

Temperature required for Ignition — Calorific Power of the Elements .... 47 

Rscapitulatiok 48 



CHAPTER v.— SEPARATION OF THE FUEL PREVIOUS TO COMBUSTION. 



Nature of Perfect Combustion — Impediments to the burning of Soft Coal 
The Resinous Matter bums First, and then the Solid Carbon or Coke 
Gasification of the Bitumen of the Coal — Heat Absorbed in this Process 
When Fresh Coal is thrown on the Fire the Temperature is lowered . . 
Cause of Smoke in the Lamp and Fumace identical — The Argand Lamp 
Recapitulation 



49 
60 
51 
52 
53 
54 



CHAPTER VL— VOLATILE CONSTITUENTS OF COAL. 

The Volatile Products eyolved by Heat are Carburetted and Bi-carburetted 

Hydrogen, also Hydrogen Gas — Gas expelled from a Ton of Coal .... 55 

Loss of Heat if the Gas is expelled unconsumed 50 

Combustion of the Carburetted Hydrogen — The Volume of Oxygen required . 57 
The Complete Combustion of the Gas obtained from a Ton of Coal requires 

one hundred thousand Cubic Feet of Air 58 

.Structure of Flame illustrated by the common Lamp or Candle 59 

Recapitulation — Cuts of Anthracite Coal and Gas Coke 00 



CHAPTER Vn.— CHARACTER OF THE COKE, VOLUME OF AIR REQUIRED. 

The Gaseous Products of the Combustion of the Solid Residue or Coke are 

Carbonic Acidy Carbonic Oxide, and Oxalic Acid — Properties of these Gases, 01 
Two hundred and foi*ty thousand Cubic Feet of Air required for the Com- 
bustion of the Coke in a Ton of Coal — Loss of Heat through Excess of Air, 02 

How Carbonic Oxide bums — The Burning of Smoke 03 

Carbonic Oxide liable to escape Unconsumed — Quality of the Air 04 

Deterioration in the Air after passing through the Buming Fuel 05 

On the Association of the Atoms required for Perfect Combustion 00 

Chemical Union requires the closest possible Contact of the Separate Elements, 07 
Di£Fusion of Gases — Impediments to the Required Association in the Furnace, 08 
RBCAPiTtTLATiON — Elements which are expected to become thoroughly Incor- 
porated in a Fumace ; their Specific Gravity and Rate of Di£Fusion (Table) . 00 



♦f^ 




Digitized by 



L.oogle 



Hi 



]r 



The Warming and Ventilation of Buildings. 






CONTINUATION OF CHAPTER VIL 

OOLOBBD DIAQBAMS XLLUSTBATINa COMBUSTION. 

Paob. 

Use of Diagrams to illustrate the Chemical Principles of Combustion 70 

Dlaobam No. 1 — The Colored Circles represent the Elements employed ... 71 

Explanation qf Diagram No, 2 — The Atoms; their Arrangements and Products, 72 

Air a Mechanical Mixture — Colored Circles show relative Volume 73 

DuLQBAM No. 2 — The Chemical Union and Combustion of Carburetted Hydro- 
gen Gas and Atmospheric Air, — Figures 1, 2, 3, 4, 5, 6 74 

Diaobam No. 3 — How Carbonic Acid is converted into Carbonic Oxide ... 77 

Explanation of Diagram A — The Required Mixture of the Atoms 78 

Diaobam No. 4 — Combustion of Hydrogen and Oxygen, forming Steam ... 79 

Explanation qf Diagram No. b — Properties of Carbon 80 

Diaobam No. 5 — Combustion qf Carbon and Ozygeny forming Carbonic Acid . 81 

JSiptanafioiiQ^lMajyramJVo. 6 — Dilution of the Oxygen by Nitrogen 82 

Diaobam No. 6 — Combustion of Carburetted Hydrogen and Oxygen by Volume, 83 

Explanation of Diagram No, 1 — Condensation of Hydrogen Gas to a Liquid . 84 

DiAGBAM No. 7 — Combustion of a given Volume of Hydrogen and Air, ... 85 

Explanation of Diagram No, 8 — The ** Fuel of the Future," Liquid or Gaseous . 86 

Diaobam No. 8 — Combustion of Carbon and atmospheric Air 87 

Explanation qf Diagram No, 9 — Use of pure Oxygen for Lamps in Lighthouses 88 

Note and correction qf diagrams 1 and 2 « 89 

Diaobam No. 9— Combustion of Carburetted Hydrogen and Air .... 90 

Evolving Steam, Carbonic Acid and Nitrogen 91 

Conclusions — Chemistry the key to Economy in burning all Fuels 92 



Part second. 



TH£ SOIiFD, LIQUID, AKD GASEOUS FUELS. 



nh 



CHAPTER Vin.— THE PROPER CONSTRUCTION OF FURNACES 
FOR THE PERFECT COMBUSTION OF FUEL. 

Scientific Principles our guide in the Construction of Furnaces 93 

The Reason why Inventions prove unsuccessful — Deficient Knowledge of Prin- 
ciples — What the first step should be 94 

Combustion incomplete in the Ordinary Furnace— Irregularity of the quantity 

of its Air Supply 95 

The Commercial Value of Coal is often in Inverse Ratio to its Heat-giving Power 96 

The Air cannot reach the Gas in a state of Purity passing through the Grate . . 97 
How Coal Gas escapes Combustion — Mixture with Air incomplete — Velocity 

of the Air through the Furnace 98 

Sixteen Sources qf Loss in the Ordinary Modes qf Burning Bituminous Coal . 99 

How these Losses may be prevented — A Different Construction demanded . . 100 

Recapitulation AND Conclusions— The Admission OF Heated AiB ... 101 

Figure No. 26. — The Jarvis Patent Hot-Air Furnace and Boiler Setting . . . 102 

Description of the Jarvis Furnace — Burning Fine and Slack Coal 103 

The Essential Conditions of Perfect Combustion 104 

Statement of the several desirable Features of this Construction — No Deteriora- 
tion of the Air can take place when admitted in Jets above the Grates . . 105 
Experiments of Sidney Smith — Cut of Perforated Fire Chamber exhibited at 
the Worcester County Mechanics* Association 1867 106 



^ 



4L 



Digitized by 



Lioogle 



/ 



Heat: Its Science, Production, and Application. 




CHAPTER IX.— PULVERIZED COAL AND OTHER FINE FUELS. 

Pagb. 

Vast Accumulations of Waste Coal — Use of Pulverized Coal in generating Steam, 107 

Uniformity of all Writers on the requirements of Furnace Construction . . . 108 

Hand Firing intermittent and irregular — Advantages of Continuous Firing . . 109 

Methods of Bourne A Crampion — Mixed Current of Air and Coal Dust . . . 110 

8t€ven8oh'8 Apparatus for Powdered Fuel — Furnace of Mr. Holroyd Smith . . Ill 

The Whelply A Storer Process ^Action of TuUerizeT 112 

Utilization of Coal Screenings and Slack by this process 113 

Plate No. 26 — The Brightman Mechanical Stoker applied to Tubular Boilers . 114 

Mechanical Firing and Stokers in the United States 1 15 

Description of the Brightman Furnace and Automatic Stoker — The Grate Bars 116 

Ability of this Furnace to abate the Smoke Nuisance . 117 

Report of the Managers and Commissioners of the New York State Insane Asylum 118 
The Warming and Ventilation of the Buffalo Insane Asylum, showing the gen- 
eral Heating condition and cost for February 1887 110 

Record of Evaporative Tests made with Brightman Furnaces and the Mills Boiler 120 

CHAPTER X.— PETROLEUM, PRODUCTION AND TRANSPORTATION. 

The Forms of Bitumen are -;- Petroleum, Naphtha, Natural Gas, Asphalt, etc., 121 

The Discovery of Petroleum in North America by early Explorers 122 

First Artesian Well sunk, 1858, by the Pennsylvania Rock Oil Co 123 

Deposits of Petroleum in the United States — The principal Foreign Oil Fields . 124 

The Russian Oil Belt— Average Yield and value of its products 125 

The Influence of Petroleum on Civilization — An American Industry 126 

The average duration of the profitable production of an Oil Well 127 

Oil Wasted and BuiTied in 1880 (Table) — The Paraffine Oil Industry 128 

Summary of the Historical Development of the Oil Industry 129 

Refined Petroleum — Present method of distillation — Large Refineries . . . . 130 
Table No. 6 — The Yearly Production, Average Price, Value, and Products of 

the Manufacture of Petroleum from 1860 to 1880 131 

Its Transportation to the Seaboard — Early and Expensive Methods 132 

First Introduction of short Pipe Lines and Storage Tanks — Tank Cars, Barges, 133 

Organization of the National Transit Co. — New York Pipe Lines 134 

Plant of the Standard Oil Co.— Heights, etc., of Pumping Stations 135 

Pipe used for long distance and high pressure — Pumping Engines 136 

Lines from the Oil Regions to Cleveland, Buffalo, and Pittsburg 137 

The Geology of Petroleum — Location of the First, Second and^ Third Oil Sands, 138 

Explanation of Diagram No, 11, — Oil-bearing Strata 139 

Oil and Gas Horizons of New York, Penn., and Canada — Diagram No. 10 . . 140 

Diagram No. 11 — Profile Sect, of Oil Regions, Black Rock, N. Y., to Virginia, 141 

Diagram No. 12 (Colored) —Oil Regions and Pipe Lines to the Seaboard ... 142 

CHAPTER XI.— PETROLEUM OIL AS FUEL vs. COAL. 

Advantages of a Liquid over any form of Solid Fuel 143 

The Calorific Power of Petroleum greater than that of Coal for equal weights, 144 

Its practical efficiency in producing Steam 145 

The Price of Petroleum diminishing— Pipe Line to Chicago for Fuel Oil . . . 146 

Fuel Oil applied to Locomotives — Practical Results on Russian Railroads . . 147 
Experiments of Urquhart, Peninsular Car Co., and Elevated R. R., New York 

^ (Table)— The Price of Oil (per Barrel) required to compete with Coal . . 148 ^ . 



Digitized by 



L.oogle 



■ to =^ 

/ ^ The Warming and Ventilation of Buildings. ^ \ 



CHAPTER XL Cohtinued.— OIL AS FUEL. 

Paob. 

Methods of buniing Petroleum on the Grazi-Tsaritzen R. R. and on Steamers, 149 

AdTantages which Oil has over Coal as a Fuel — Use of Dead Oils and Waste . 160 

The Eames Process for the Manufacture of Lron, Jersey City, N. T 151 

Economy of working by this Method — Oil as Fuel in Pennsylvania 152 

Steam assists in the Decomposition of Hydrocarbons — Naphtha and Kerosene 

Stoves — Gasoline for Domestic Use 153 

Furnaces for burning Liquid Fuel 154 

Pan Fires, Step Fires, Oozing Fires, etc 155 

Use of Asbestos, Gas Fires, Spray Fires, Slit and Pipe Sprinklers 156 

Experiments with Petroleum under Boilers at Springfield, Mass., B. & A. R. R., 157 

Condensed Table of Coal and Oil Tests by L. P. Breckenridge (No. 5K) • • * 158 

Letter of the Ashtabula Tool Co. to the Aerated Fuel Co 150 

The Fellowes Petroleum Atomizer, Figubb No. 2 (Oil and Steam) 160 

Brandt &, Smith's Petroleum Burners for spraying Oil with Steam 161 

Plats No. 3 — Application of the Burrell Burner to Furnaces 162 

Advantages of Burrell Burner — Easy Adaptability to any Furnace 163 

Petroleum Oil for Power — A Successful Petroleum Engine 164 

The Shipman Oil Engine, Boston Model, Fiours No. 3— Automatic Features . 165 

Plate No. 4 — Steam Launch, '' The Shipman *' (with Oil Engine) 166 



CHAPTER XIL— NATURAL GAS, TRANSPORTATION AND USE. 

Natural Gas was known to Man in Prehistoric Times— Burning Springs ... 167 

Its Origin and the Regions where it is found 168 

FirstUseof Natural Gas— Early Predictions of Prof. Wurtz 169 

Chemical Composition — Comparison of Heating Powers with Coal and Gas . . 170 

Economic Localities and Production — Fostoria, and Findlay, 171 

Gas Wells— Process of Drilling, and Plant for Collecting 172 

Pioneers in the Piping of Natural Gas — Construction of Pipe Lines 173 

The Question of Leakage — Cost of Pipe Lines to distant Points 174 

Recent Discoveries in Indiana — Muncie, the Natural Gas City of the West . . 175 

The Waste of Natural Gas— Imperfect Handling, etc 176 

Permanency of the present Supply— Exhaustion of Wells 177 

Applications— Glass Houses, etc. — Revenue from its Sale 178 

The Use of Gas in making Steel and Iron at McKeesport, Pa. 179 

The Manufacture of Window Glass by Gas — The Union Iron Mills 180 

For Domestic Uses — Fireplaces and Heating Apparatus 181 

Oil and Gas for Fuel under Boilers — Care Requisite 182 

Safety Appliances — Cut of the Chapman Regulator, etc 183 

Burning Carbonic Oxide Gas at Franklin, N. Y. (By the Author, 1875) .... 184 

Useof Cast-iron Sectional Boilers with a Gas Fire (Buffalo) 185 

Conditions for the complete Combustion of Gas and Oil 186 

The Furnace Doors should be closed — Fire Brick Lining necessary 187 

Crude Applications of Gas fuel invite Failure 188 

A High Temperature and proper Mixture of the Air required 189 

Plate No. 5 — Regulator, Bypass and All tomatic Stop 190 

Appliances for the introduction of Gas under Tubular Boilers 191 

Platk No. 6 — Showing the Arrangements within the Furnace 192 

Recapitulation— Valve for the admission of Gas, FiouRB No. 7 193 

Dlagbam No. 13 (Colored)- Pipe Lines from the Natural Gas Regions to Pittsburg 194 



Digitized by 



L.oogle 



o ^ 



Heat: Its Science, Production, and Application. 



^^ 



CHAPTER XIII.— MANUFACTURED AND CARBURETTED GAS. 

Paok. 

Gtm manufactured for Fuel— Illuminating, Water, and Generator Gas .... 195 

Difficulties attending the use of a Crude Form of Fuel 196 

Production and Distribution of Gaseous Fuel, from Central Stations 197 

Table No. 6 —Experiments on the Cost of Cooking by Fuel and Gas .... 198 

The Price of Gas in some of the principal Cities of the United States 199 

The Percentage of Heat utilized in different Blast Furnaces 200 

Illuminating and Heating Constituents of Common Gas 201 

Gas-firedSteamBoilers— Plant of the Russell Cutlery Works 202 

Gas for Locomotiyes — Substitutes for Coal in the Household . 208 

What is Water Gas? M. H. Strong's Process for generating Fuel Gas .... 204 

Decomposition of the Superheated Steam by Dust Carbon 205 

Comparatiye Value of the Strong Gas as a Fuel in Theory and Practice .... 206 

Analysis of its Composition — Principal Advantages 207 

The Peter English Process for the manufacture of Gas from Petroleum .... 208 

Specific Guarantee — Advantages claimed — Cost of Manufacture 209 

Air and Gas Carburetted — Remarkable Invention of the Metrical Carburetor . 210 

Experiments with Gasoline and Coal Gas 211 

RBCAPiTULATioir and Ekumebation of the Advantages of Gas Fuel 212 

Part Third. 

COKSTBUCTION OF BOILERS FOB HEATING BY STEAM 

OB WATEB. 



CHAPTER XIV.— UNSAFE BOILERS AND STEAM GENERATORS. 

Non-explosive Boilers for Dwellings, Schoolhouses, and Churches 218 

'* Recklessness of Human Life is the Essence of Barbarism '* 214 

The Shell the Dangerous Part of Wrought Iron Boilers 216 

Explosion of a Heating Boiler at the Park Central Hotel, Hartford, Conn. . . 216 

Account of the Hotel Proprietor and of the Victims 217 

A Record of Human Frailty, Ignoranbe, and Cupidity 218 

** The Unsafe Boiler, Incompetent Engineer and Fireman must go '* 219 

Boiler Explosion, St. Mary's Church, Fort Wayne, Ind 220 

Proper Care of Heating Boilers — Defects of the Police Inspection 221 

Serious Accident at Dell Brown's Hotel, Eagle Bridge, N. Y 222 

Dangerous Steam Boilers in City Schools 223 

Janitors and Engineers — Lack of Inspection and Neglect 224 

Explosion of a Steam-heating Boiler at E. A. Chapin's Residence 225 

Wreck of the House and Furniture — Description of the Exploded Boiler . . . 226 

Heating Boilers in Office and Residence Buildings 227 

Explosions are often the result of Corrosion — Boiler Explosions in England . . 228 

Cheap Help is not Economy — Why Boilers explode — Peter has told us . . . 229 

Prevention of Boiler Explosions (Joseph Harrison, 1867) 230 

Dangers of Injudicious Application of the Proving Pump 231 

Against what do Inspection and Insurance really Insure? 232 

Some Improved Wrought Iron Boilers — the Lowe Boiler, Fioube No. 8 . . . 233 

The Electric Furnace — Economy of Forced Draught 234 

The new "Economizer" Portable Boiler, Figures 9 and 10 235 

The Shapley Boiler — Wrought Iron Vertical Boilers, Fiqubes 11 and 12 . . . 236 

Recapitulation and Corollary 237 

Boiler Explosions for the Year 1887 — List of the Killed and Wounded .... 238 

Plate No. 7 — Tubular Boiler, "late " of the Superior Mills, Ypsilanti, Mich. . 239 

Plate No. 8 — The "Regular '* Wrought Iron Tubular Boiler 240 xj| 




Digitized by 



Google 



The Warming and Ventilation of Buildings. 



/ 



V 



CHAPTER XV.— SAPETr SECTIONAL POWER BOILERS. 

Paok. 

Safety Boilers intended for the production of High Pressure 241 

Extracts from Prof. Thurston's Manual on the Water-tube Boilers 242 

The Root sectional steel Water-tube Boilers 243 

Deposition of Scale and Sediment easily Removed 244 

Summary of the Advantages of the Root Water-tube Construction 245 

Plate No. 9— Details of the Construction of the Root Boiler 246 

Plate No. 10— View of the Root Boiler with Brightman Stoker attached ... 247 

Hydraulic Tests of the original Hills Safety Steam Generator 248 

Cast Iron as a material for Boiler Construction 249 

Strength of Cast Iron in the form of Small Cylinders 250 

Use of the Mills Boiler at Syracuse, N. Y., with Hard Water 251 

Record of a Boiler in use Seventeen Years — Letters of Fred'k and Nath*l Clapp, 252 

The superior Conducting Power of Cast Iron 258 

There is no Economy of Fuel in employing the dearer Metals 254 

Early Cast Sectional Boilers — Patents of Mr. Brayton 255 

Medals and Diploma awarded to O. B. Brayton, 1865 250 

Plate No. 11— The Exeter Cast Iron Sectional Boiler 257 

Plate No. 13— The modem Wharton Harrison Boiler 258 

The Invention of the Harrison Boiler— Successful Results 259 

Harrison's Axioms of Boiler Construction — Rumford Medals 260 

Recipientsof Rumford Medals— Count Rumford and his useful Works . ... 261 

The Life of Joseph Harrison — Locomotive Contracts in Russia 268 

BoilerExperiments— The Evaporative Power of Coal 264 

Table No. 7 — Evaporative Tests with different Boilers and Furnaces ... 265 

Table No. 7){— Extended Experiments of J. C. Hoadley at Lawrence, Mass. . 266 

Data and conditions of the Lawrence Experiments 267 

Plate No. 14— The Mills Steam and Water Safety Boiler 268 

CHAPTER XVI.— THE MILLS AND OTHER HEATING BOILERS.* 

The Author's PatenU in Cast-metal Boilers (1867-1888) 269 

Summary of the leading Ideas embodied in the Mills Boilers 270 

Advantages of Vertical Position and a Return of the Fire to the base .... 271 

Superiority of Surfaces exposed to the Direct Action of the Burning Fuel . . . 272 

Experiments of C. W. Williams on the efficiency of Fire and Tube Surfaces . . 273 

Nipple and Locknut Connections — Furnace Construction 274 

PlateNo. 15 — Mills Twin Section Boiler No. 4i 275 

PlatbNo. 16— Mills Water Circulating Boiler Nos. lands 276 

Internal and Return Passages— Nearness of the Water Surfaces to the Fire . . 277 

Three Fourths of the entire Surfaces are in and around the Fire Chamber ... 278 

Duty pt Mills Boilers — Results of Experiment and Practice 279 

Distinguishing Features, Safety, Strength, Protection from Fire 280 

Intro ^nction of Air to the Furnace, Facility of Increase, etc 281 

Grates and Grate Surface 282 

Mills High Pressure and Low Pressure Boilers 286 

Description of Bolton Wrought and Cast Iron Boiler 288 

Vertical Water Circulating Boilers and Heaters 291 

The Gumey Water Heating Boiler 293 

Power determined by Vertical Height of Water Column 296 

Gumey's New Portable Hot-water Boiler— Plate No. 21 297 

ThePerfectWaterHeater— PlateNo. 22 , 298 

Standard by which Heat-absorbincr Surfaces may be measured 801 

PlateNo. 23. — The Mercer Portable Water Heating Boiler 302 



♦f^ 



A 



Digitized by 



L.oogle 



10 



I 



^^ Heat: Its Science, Production, ane Application. ^^ \ 



LIST OF TABLES AND ILLUSTRATIONS. VOLUME 1. 



TABLB8. Page. 

1. Experiments with different Yarieties of Fuel (Marcug Bull) 18 

2. Relative Heating Value of different Varieties of Coal (Johnson) .... 28 
8. The Evaporative Power of different Fuels and Air required 86 

4. Conditions of Warming and Ventilation — Buffalo Insane Asylum, 1886 . . 119 

5. Yearly Production, average Price, etc., of Petroleum (U. S. Census) ... 181 
5i. Boiler Tests at Springfield, Mass., with Petroleum (Breckenridge) . . . 158 

6. Comparison of the Cost of Cooking by Coal and Oas (Goodwin) .... 196 
6i. Price of Gas in the pHncipal Cities of the United States (Love) 199 

7. Evaporative Tests with French, English, and American Boilers 265 

7i. Experiments with Steam Boilers at Lawrence, Mass. (Boadley) .... 266 

• DI AQBAMS. 

10. Oil and Gas Horizons of New York, Pennsylvania, and Canada 140 

11. Profile Section of the Oil Regions, from Black Rock, N. Y. to West Virginia 141 

12. Map of the Oil Regions and Pipe Lines to the Seaboard 142 

13. Pipe Lines from Natural Gas Regions to Pittsburg, Pa. 194 

FiaUBBS. 

1. Furnace with Perforated Walls— Invention of Sidney Smith, 1866 . ... 106 

2. A New Petroleum Burner (Fellowes) 160 

8. The Shi pman Oil Engine (Boston Model) 165 

4 <& 5. Chapman's Natural Gas Regulator and Bypass 188 

6. Appliances for burning Natural Gas under Boilers 191 

7. Special Burner for Natural Gas 193 

a The Lowe Horizontal Tubular Boiler 234 

9 Sc 10. The New Economizer Portable Boiler (S. L. Holt) 286 

11 A 12. The Shapley Vertical Boiler — Front of Return Tubular Boiler ... 236 

14. Original Design of Mills Safety Steam Generator 248 

PLATBS. 

1. The Jarvis Patent Furnace and Boiler Setting 102 

2. The Brightman Mechanical Stoker 114 

8. Application of Oil Burners to Furnaces (Burrell) 162 

4. Steam Launch, the *' Shipman,*' with Oil Engine 166 

5. Regulator and Bypass for Natural Gas : .... 190 

6. Arrangements for burning Natural Gns under Boilers 192 

7. Wrought Iron Tubular Boiler ** late *' of the Superior Mills, Vpsilanti, Mich. 239 

8. The "Regular** Wrought Iron Tubular Boiler 24 

0. Details of Construction of the Root Water-Tube Boiler 246 

10. Root Safety Water-Tube Boiler, with Brightman Stoker attached .... 247 

11. The Exeter Cast Iron Sectional Boiler 207 

13. The modem Wharton-Harrison Cast-metal Boiler 258 

14. The Mills Cast Sectional Boiler for Steam Power or Water Circulation . . 268 

15. Mills Twin Section Boiler (for Heating) No. ^ 275 

16. Regular Steam or Water Circulating Boiler, No. 8 276 

17. Mills Twin Section High Pressure Boiler for Heating or Power 286 

17i. Sectional Views of Portable Boiler 287 

18. The Mills Portable Water Boiler, Automatic Feed 290 

ISJ. The Bolton Combination Pipe Boiler 289 

19. The New Gumey Sectional Hot Water Heater 294 

20. Top Section and Heat Deflector of the Gurney Boiler 295 

21. Section of Gumey Boiler showing Water Passages 297 

22. The "Perfect" Hot Water Heater 299 

23. The Mercer Sectional Hot Water Boiler 302 

-^ • Nos. 1 to 9 on oombostloii, p«c*s 70 to 91. (8oe eontonts, p«se 5.) ^ 

j^-fs See appendix for Ust of books and index of chapters and subJecU. vjrT^ 



Digitized by 



L.oogle 



11 



The Warming and Ventilation of BviLoiNfis. 



~^. • ■ 



*.** 






^^.^SL^e^ 



i\ 




J^ M-M^M i ^O^M i*^V JH V ^^^A %^< ' x ^ \X:v V V V V V X V X*X 



i:^riii>: 



|s||y^;; HEAT— ITS NATURE AND SOURCE. ,^^y||^; 



t 



^^^J'w^^vi\S^ 



F»ART RIRST, 



t 



EAT, like all other pliyaical agents, is known and mea«iiretl only 
hy itii effects on matter^ Tlte principul sources of heat are; — 

The Sun, which is the gieatest source of heat, us well as 
light, to the earth. The a^oUd^ lifftid, and gaseous fuels, as 
combined in Wood^ Coal^ Oi!^ and the GaMea. 

As the sun is the great soui'ce of heat and light, so combustion is the 
great source of artificial heat and light. \Vt need only at present 
reuiiirk that comhustion, m tlie ordinary concei*tion of the W(*nl, is the 
rapid cliemical union that takes place Ixitween the oxygen of the air 
and certain elements contained in organic suhstances, as wood, peat, 
coal, and other varieties of fuel. 

Mechanical Action* Every aiTust of motion produces heat; thus, 
a small bar of iron may be heated by simply hammering it. Cowr 
pression and [lereussiou are familiar metluMk of developing heat. 

Chemical Action, or the action of atoms of dissimilar sulistances 
upon each other accompanied by comj*lete change of pro|)ertie8. 
Examples of this are countless. One of the mant fauiiliar processes in 
which chemical action is ex.hibited* is the burning of fuel or iUuminat- 
ing sukstiinees. 

Sensible and Latent Heat, Wlien the heat received or lost by 
a IwRly is attended by the sensation of warmth (*r coldness, the heat 
80 lost or gained is called fsendble heat; but, when a lx)dy receiver 
heat or jiarts with it without causing sensations of wannth or coldness, 
the heat so IcKst or ^iUncd is called f^miri^alnd^ hidden^ or late tit heat* 

The Essence of Heat is Motion, With a few exceptions the 
universal effect of heat on all matter is to expand it. 

We say that Innlics are heated and cooled, that one warmn anc^tls 
near it; but we strictly mean only that they exptind and cifntru 
that in expanding one iMuly contracts the others, and in eai 
exparuLH them. Hence, divested of everything not helon^nng 
find the effects of heat a motion, or exjHinsion, of matter comm' 
from body to body. The motion of a mass implies the inoti 
parts. ^ 
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THE EFFECTS OF HEAT ARE: 

Expansion. All solid IxTitie^ excejit day are increased in volume, 
or bulk, hy heat, Liqiiiibs when lieiited eximrid nmeli more than 
Bolicbi; thus, water heated from 32^ to 212'^ increases in volume one 
twent>'-^er(iiitl jisirt. The higher the teni] vera tare, the greater the rate 
that liquids expuud. 

Aeriform lwKlie» expand equally under a given increase of tempera- 
ture. At :!rj^ their vohime is nut* third gieuter than rtt 32^, 

Liquefaction, The liittt effect produced on ^olidet hy heat is 
expansion. If the lieat l>e increased, tliey melt or Iteeorae liquid, as m 
the ea^e in the meltin[( of ice. wax, or leatl. 

The melting })oint of a given snlid is always fixed and constant, but 
it varies greatly with different »*t»li*Ls- 

Thus mercury is nulted at r^9°, ice at 32°, wax at 142^ lead at 612^ 
wrought iron at alMnit 2,S00°, and platinum at 3,280°, When a solid is 
converteil into a licpiiil, heat is alj?iorbed ; when a liquid Li converted 
into a Holid, hi tent heat Ls given out. 

Vaporization. Heat applied to a solid, first expands it, then meltis, 
and tiiisdly cotjvert.s it into a va|Kn\ 

When a solid or liquid Ls converted into a vapor, sensible heM is 
ab6orlH?(L In changing water of 177° into steani, 1,000 degrees or unitii 
of heat disappear. Wlien the va[>or is turned Imck to a liquid or solid, 
the latent heat is given out or l)eeomea sensible. 

Incandescence. Heat when inqiaricd to Ijodies in a certain quan- 
tity will in many cases render them luminous, 

If iron is lieated to a certain degree, it Ix^comes red-h>t^ which merely 
signifies that it eniit^i a red light, an<l wlieu white-hot, a white light- 
This luminous state is called incandeHcence. Coal at 750° h black; at 
908°, incipient red; at 1,707'', full cherry red; at 2,951% dazzling 
white ; at 4,347°, intensely brilliant. 

The atmosphere as the source of oxygen chiims a brief mention here. 

The Atmosphere- The earth and the sea are covered with a great 
but unknow^n thickness of elastic fluid called the atmos[)here. Bein|f 
gaseous, it consists of material particles not held together by the force of 
(;oh(»Kion, lait nevertheless made up of atoms capable of forming soltd^i, 

A hundred parts of pure air in a dry state contaiji tvi ttti^-thret pw^9 
hjf iriu'f/hf of ffXf/fff'H and ^erenft/^aifrt'n of vitrof/i'ru One hundred! 
v«»lumes of iUy air contain 79*12 volumvut of nltrot/ett^ 20.80 *>/* ".ry^Ji^ ^ 
of carhtmh mn*!^ .04 of carhnreffed Jitfdro^/en^ with traces of atnnionli 

lA't it Im nljserved that the gases fomiing th*^ «*--*- 
rlicniirally (*onibined; they are mixed raecbani '^ 

ever [>art of the world, the proportion of oxyg i 

the same, and ifl scai-cely influenced by set 
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FUEL— GENERAL CONSIDERATIONS. 

The word "fuel" is derived fram tlie French /r?/, signifying fire, 
which \& closely related to the Latin foen^^ a henitli or firepliioe- The 
term embraces all those substunees^ wliifh are employed in the genera- 
tion of heat, such as wood, coal, peat, oils, ete. 

A difficulty in arriving at the right view is tlmt the current language 
concerning heat implies the material hypothesis. It is so natural to 
regard heat as a thing, to ascriW a substantive existence to that which 
is the subject of a name, that it will Ik? necessary to guard agiiinst this 
misleading tendency. The reader should strive to think of heat, not 
as an abstract thing, but simply as a contagioiua or communicable 
motion of atoms. 

An abundance of fuel is the b-^sis of national pi'osperity, not only 
ministering to the useful arts, but enal>ling the occupants of every 
house to create an artificial climate suited to their want*i» 

The controlling agency of fuel in the development of l^ody and mind 
and in the preservation of health ha.s long been known; the unequal 
distribution of solar heat over the eaith is regarded as the cause of 
marked difference in national character. 

In Yorkshire and other parts of England wliere fuel is abundant, the 
people are generally well grown, healthy, and intelligent; their average 
height is said to exceed that in otlier pai"t^ of England where fuel is 
scarce. The Norwegians are generally well lodged, each house being 
furnished with glass windows, and an iroiL Kif /T/*^, or stove; and on this 
account they are a better-grown rai-e tluin tha North western High- 
landers, who procure their fuel with difliculty, and consume it in a 
rude and unthrifty manner. 

In France, where fuel is scarce, the avenige height of a man does not 
exceed five feet, four inches ; in the NetherlantK where fuel is more 
abundant, the average height mfivefeet^ mx ami otie-hnlf invhm ; and in 
England, where fuel is cheap and abundant, the average height is 
upwards oi five feet^ nine inch*' a ; while in Sweden, where wood is as 
abundant as our coal, the peiijsants are tall, vigorous men, notwith- 
standing their uncleanly habits and tlie rigor of the climate. 

It has Ih^fu remarked that the Ficiiehman is never.at home except 

when lit5 is abroad, ^ a witty parad(»x, which, nevertheless* conveys 

tniU'?i truth. Mis language is even destitute of a name for the place we 

eall liMine — a name dearer than any otlier to the American heart-, Who 

4mti »^ ha scarcity, and consequent high price of fuel, has had 

A pc^ Ii3e in forining the custfuns and characti'r of this nation, 

— 4^j( lb* theatre and coffee-house those attractions which, 

^ ^BL ^ifit CI urn tries where fuel is abundant and cheap, 

' ^h — the family fireside ? ^'] 
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Fuel in the United States. It is hardly necessary to reiterate the 
well-understood and indisputable fact that an abundant supply of wood 
and coal, easily procured, has contributed more than any other resource 
to the rapid growth and prosperity of the United States. In no 
country has nature l)een more lavish in the distribution of her bounty, 
and nowhere have her choicest gifts l)een more wantonly and recklessly 
squandered. In many towns in the Eastern States, where fifty years 
ago wood was considered a nuisance, which every proprietor of land 
was trying to get rid of, it is now valued at jf6 or $8 a cord. 

The high price which coal and wood have commanded for several 
years has compelled all classes to fully appreciate the importance of the 
subject. Our public journals are agitating the question, and papers 
have l)een started devoted exclusively to the subject of fuel. Inven- 
tive g^ius and mechanical skill are hard at work endeavoring to 
devise some means by which the "black mud" of our swamps and 
bogs, and waste from the mines, may be made serviceable as a substi- 
tute for wood and coal. 

The demand is still rapidly increasing. On account of the high 
price of lalK)r and cost of transjmrtation, supplies of fuel from our rich 
and inexhaustible coal fields can be available to many localities only at 
exorbitant prices ; hence our forests are as yet a source of supply to a 
very large portion of the country. The rapid destruction of these 
cannot have escaped the attention of the most casual observer ; while 
the entire lack of care for their preservation or effort for their restora- 
tion must awaken in every thoughtful mind a solicitude for the future. 

To enter into an investigation of the many unhappy and disastrous 
results wliich will inevitably flow from this wholesale destruction of 
our forests would require a volume much larger than this, yet wo 
cannot refrain from enumerating enough of these to demonstrate to 
the reader that our forest trees possess a value far beyond our ordinary 
estimation or conception. 

Were we not emphatically a utilitarian people, the magnificent 
beauty of our forests would alone be « sufficient argument for their 
preservation. How much more pleasant to the eye is a hillside with 
its graceful trees, draj>ed in foliage of the richest verdure, than a barren 
summit, destitute of nature's own protection ! Who would exchange 
the tree-clad hills of New Hampshire or the evergreen mountains of 
Vermont for the sterile wastes of Nantucket or the monotonous flats 
of New Jersey ? The unrivaled autumnal beauty of our forests is ever 
gazed upon by the old and the young with unwearied delight, and 
calls forth expressions of enthusiastic admiration from the European 
traveler. 
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The brilliant orange hues of the sugar maple, the gold and green 
of the elm, the modest yellows and unassunimg buffs of th ebirch, 
the bright yellows and deep scarlets of the oak, the rich browns of 
the bass wood, and darker hues of the ash, the imfadmg green of the 
firs, pines, and other evergreens, — all these intermingled and blended 
with the richest tints of purple, crimson, and gold, in numberless forms, 
and shades ever changing to the eye of the traveler, like nature's grand 
kaleidoscope, present a sight which in gorgeous beauty outrivals our 
highest conception of imperial magnificence. 

It is stated that, when the extensive pine forests in the neighborhood 
of Ravenna were cut down, the inhabitants began to sufifer ; afterwards 
the woods were allowed to grow, and the city is now free from the 
enervating influence of the sirocco, and its old climate restored. When 
English iron was excluded from Italy by the influence of Napoleon I., 
the furnaces of the valleys of Bergamo were worked to their utmost 
capacity. As the ordinary supply of charcoal was not sufficient to feed 
them, the young as well as mature trees were felled, and the whole 
economy of the forests was deranged. At Piazza Torre there was 
such a wholesale destruction of the wood, and consequently such an 
increased severity of the climate, that maize no longer ripened. 

After a prodigious effort, the forests were restored, and gi-aiii once 
more ripened in the fields of Piazza Torre. 

In France, since the destruction of the forests of the Cevennes, 
which protected a large and rich tract of land near the mouth of the 
Rhone from northwest winds, the olive has retreated many leagues, 
while tlie orange is confined to a few sheltered points along the coast. 
In Belgium trees have been planted on the right bank of the Scheldt, 
where before there was no vegettition ; the shelter thus afforded by 
these young forests has rendered fertile large tracts of land which were 
formerly barren wastes. 

Forests Exercise a Powerful Influence on the Quantity of 
Rain and Dew. The aridity of Spain, occasioned by the absence of 
wood, not unfrequently renders the crops too wretched to pay for 
gathering. Many districts in France have suffered from the same 
cause, and trees are now being planted with a view to restoration. In 
parts of Scotland many miles square have been planted with trees, 
attended with happy results. During the French occupation of Egypt 
in 1798, at Cairo arid Alexandria rain did not fall for sixteen months. 
Since, however, Mehemet Ali and Ibrahim Pacha completed their vast 
plantations (the former alone ha\dng planted more than twenty millions 
of olive and .fig trees, cotton-wood, orange, etc.), there falls a frequent 
t^ and liberal supply of rain. ^ 
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Forests Act as Copious Reservoirs for Retaining the Water After 
Rain Has Fallen, llie foliage of trees retains a large quantity of water, 
thus preventing a rapid and destructive rise of streams. Water is also 
held by the accumulation of dead leaves, which tends to check the 
formation of dangerous torrents, and i)revents sudden failures of 
streams in mountainous districts. Forests, by shielding the earth from 
the rays of the sun, greatly retard eva|)oration from the soil ; conse- 
(luently we are saved from severe droughts in summer. 

In view of these important facts, shall we learn no lessons of economy, 
prudence, and wisdom ? England and other nations liave sinned in this 
jiarticular, and now are reaping the bitter fruits of their reckless 
extravagance. 

Shall we suffer this incalculable wealth of vegetable life to be ruth- 
lessly squandered by a mad cupidity, wliich in the end will surely 
overreach itself? On the continent of Europe the management of 
forest trees receives the greatest attention, and is systematically con- 
ducted, and the formation of foi-ests by sowing seed is now generally 
practiced. May not our forests l)e thinned and husbanded, instead of 
being utterly destroyed? May not the cold soil of our Northern States 
be rendered doubly productive under their grateful shelter and protec- 
tion ? And the flow of our streams be kept constant for manufacturing 
pvu^ses? And may not the preservation of oiu* forests be in some 
degree instrumental in securing to our population that vigor, both of 
body and mind, which cliaracterized our ancestors a few generations ago ? 

The subject of preserving the magnificent forests of Michigan has 
engaged the attention of the Legislature of that State. Its forest wealth, 
once greater than that of any other State, is tributary to so many 
markets that it is rapidly disap|)earing. Such vast tracts were stripped 
that climatic clianges, injurious to vegetation, have been induced. 

Crops have been deteriorating for several years, and it is now believed 
that this is owing to the des{)oliati(m of the woodlands. Tlie increasing 
severity of the wintei-s, by wliich forest trees liave been killed, and the 
diminution of fertilizing rains have been attributed to this cause. 

From the clearing of so large a section of timbered lands the culti- 
vated districts have been ex|)08ed to the ravages of blighting winds. 
The loss to the wheat crop in one winter from this cause is estimated 
at ?J5,000,000. It is proixxsed to mitigate the evil by exempting forests 
from taxation and by other effective weiisures. 
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Wood. Taking the briefest possible glance at the several fuels 
available for the genemtion of heat, we start with wood, which is the 
most common and widely diffused of all the substances used for produc- 
ing heat. . 

It consists chiefly of woody fibre, sap, and water. Wood-fibre, which 
forms the principal bulk of plants, is composed of carbon, oxygen, 
and hydrogen. The sap of the pine and other cone-bearing trees 
contains resiriy that of oak tannin^ and that of maple, sugar. The 
amount of water in wood varies greatly with the kind of tree and 
season of the year when it is cut ; a portion of the water evaporates, yet 
a large proportion remains; for air-dried wood, as commonly used, 
contains about thirty per cent of water. As water is not combustible, 
its presence in wood diminishes its value as fuel ; the water must be 
drawn off at the expense of the heat ; the water can be expelled only 
by converting it into steam, and the process requires a large expendi- 
ture of heat. If one hundred pounds of wood contain thirty pounds of 
water, there remain but seventy pounds of combustible matter. It will 
require one pound of wood to raise thirty pounds of water to the boiling 
point, and six pounds more of wood to convert it into steam, making 
one tenth of the combustible material of the wood. 

Value of Different Kinds of Wood for Heating Purposes. 
Some varieties of wood are soft and light ; others, having their fibres 
more closely packed, are hard and heavy ; soft woods kindle easily, are 
more active in combustion during its first stage, while harder varieties 
are more active during later stages; soft woods burn with a larger 
volume of flame, while hard woods give little flame, and produce a large 
amount of coals. The common opinion, that soft wood, taken pound 
for jx)und, evolves less heat than hard wood, is erroneous. It is sooner 
consumed, because it is more porous and admits the air more freely ; 
but it gives out an intense heat while it lasts, and is therefore well 
adapted for those purposes where a rapid and powerful heating effect is 
required, as for the generation of steam. 

Some important experiments on the relative heating qualities of the 
different American woods, also coal and coke, were made by Marcus 
Bull. 

Table No. i shows the results which he obtained, also the analysis 
of composition, the water expelled at different temperatui*es, and the 
weight of air required for the proper combustion of most of the fuels 
employed, — such as wood, hard and soft coal, coke, peat, and charcoal, 
— thus forming an instructive and valuable reference for the student 
leer. 
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TABLE No. 1, 



THS RBSULTS OF SXPSRIMBNT8 ON SOBiB OF THS MORB COMMON^ 
VARIBTIB8 OF FUSIj— WOOD, CHARCOAIi, COAL, AND COKS. 

By Marcus Bull. 



WEIGHT OF AIR REQUIRED FOR 
COMBUSTION OF FUELS. 

LBS. 

Anthracite Coal, . . . 12.13 

Bituminous Coal, . . . 10.98 

Coke, 11.28 

Charcoal, 11.16 

Peat, dry. ...... 7.08 

Wood, dry 6.00 

('Hni»wpll. Vg. 671.) 



ft 

Of 

r 



1. Shell-bark Hickory, . . 

2. White Oak, | 0.855 

3. White Beech, .... 

4. Black Birch 

5. Hard Maple, .... 

6. Soft Maple, 

7. Yellow Pine, .... 

8. White Birch 

9. Hard Pine, 

10. Chestnut, 



tl 
^ 



0.724 
0.697 
0.644 

0.597 
0.551 

0530 
0.426 



4469 

3'»5 
2S78 
2668 
2463 
2369 
1904 



1^ 

Is 



h 



0522 1 2333 



11. Lehigh Coal, . . 

12. Susquehanna Coal, 

13. Cannel Coal, . . 

14. Scotch Coal, . . 

15. Oak Charcoal, 

16. Pine Charcoal, 

17. Coke, 



26.22 
21.62 
19.62 
19.40 

21.43 
20.68 

2375 
19.00 
26.76 
25-29 

. . I 



1 



0.625 
0.401 
0.518 
0.428 

0.431 
0.370 ' 

0.333 I 

0.364 

0.298 

0.379 

1.494 

^'373\ 

1.240 



1 . 1 40 
0.401 I 
0.285 ' 
0-557 ! 



32.89 
21.10 
27.26 
22.52 
22.68 
19.47 
17.52 
19.15 
15.68 
19.94 

78.61 
72.25 

65.25 

59-99 
21.10 
15.00 
293 > 



i 

•55 

i 



1172 
826 

635 
604 
617 
55> 
5«5 
450 
510 
590 






36 
39 
23 

27 
27 
28 

33 
24 
33 
30 



G- ' 




lit 


ni 


ill 


l2o 


5?l 




. ^^ 


■^ c &* 


|5^ 


i5« 


H. M. 


< ordii. 


6-40 


100 


6-20 


81 


6-00 


65 


6-00 


63 


6-10 


60 


6-00 


54 


6-30 


54 


6^00 


48 


6-40 


43 


6-40 


52 




Too., 


13-10 


99 


13-10 


99 




loobuafa. 


10-30 


230 


9-30 


191 


15-00 


106 


15-00 


75 


12-50 


126 



(Diiuond, I'K. "M ) 






By M.VIoletti". 



Water Kxpelled from 100 
artii Wood. 




Analvfiifi of CompoiUtkm, bjr 
Kugene Chevandler. 



WaPt ^ , 

Oak, . 

ISS5 f Beech, . 

^7 43 Bitch, . 

^^^' Poplaf. , 

4T77 WillDW, 

3<^S6. Averaije. 



IVr Ct. 
ICarlwn. 

I 49.64 

49. j6 

' 50,20 

49-37 
49/)6_ 
49-70 ; 



l>r rt. 
11yd. 

592 

6.01 



6jQ& 



PerCt. 
Oxyg. 

41.16 

42.69 

41.62 

41 60 

39.5^ 

4i.je^ 



Per rt. ; 
aitro. I 
I 
1.29 

0.91 

0.96 



I>r I ^t. 



1-97 
1.S6 
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;^;||^ MINERAL COAL AND ITS PRODUCTION. J[j|^: 






INERAL COAL. This variety of fuel consists of carbon, 
yft* together with bituminous substances composed of cailx)n and 
(yj\ liythti^en. There is always present more or less of eartliy im- 
puritii's, as ^Wh-iu alumina, oxide of iron, sulphur, etc. Coal gives 
tinmistakabh' i.^vi(h*nce <jf having been derived from an ancient vegetation 
long buried in the ground, and subjected to a slow and incomplete 
<*omhustifJn, All vegt^t^ible tissues consist largely of carl)on, hydrogen, 
aiitl oxygen. Dry vegetable matter contains about 49 per cent of 
i^arlKin, tj*S of hythtigen, 44.6 of oxygen. 

If we alwtsiiet from the wood the greater part of its oxygen, and sub- 
mit tlie ixMuuining ecjiistituents to a pressure sufficient to render them 
very compm-t, tlie prothict formed will resemble in ever}'- respect the 
Bofter and more inflammable varieties of coal. When large quantities 
of vegetiible matter sue Imried in the earth, with an almost entire exclu- 
sion of air, a simihir j'esult is obtained. Most of the oxygen, and a 
small ])c»Hion fjf the hydrogen of vegetable tissues, escapes, and a residue 
rieh ill earlum and liydmgen is left. These hydrocarbons, as. they are 
eaUed, \'arii>usly alTer'terl by heat and pressure, furnish all the different 
varieties of coal. 

''Coal hjus all the ehamcteristics whicli entitle it to be considered the 
he>st natiuiil ^liiun e of motive power. It is like a spring wound up dur- 
ing geological ages for us to let down. Coal contains light and heat 
Ijottled up in the earth, as Stevenson said, for tens of thousands of years, 
and now again bunight forth and made to work for human purposes. 
Tlie anioimt of }M>wer contained in a pound of coal is almost incredible. 
In burning a single ]M>und of coal, tliere is force developed equivalent 
to that of eleven million four hundred and twenty-two thousand pounds 
falling one foot; and tlie actual , available power obtained from each 
l^ound of coaK in a good steam engine, is tliat of one million pounds 
fulling thningli niie foot* That is to say, there is spring enough in coal 
to miBG a niilliou times its own weight a foot high. In coal we 
^^Y *^'^^'- '^^ ^1>^ partner of Watt said, 'what all the world 
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* " The total production of coal in the world is put at 420,000,000 
tons, of which (ireat Britain does 160,000,000, the United States 
120,000,000, and Germany 75,000,000 tons. The production in the 
United States is divided between 31 States and Territories, the largest 
of course being Pennsylvania, which last year gave us 34,000,000 
of anthracite and 30,000,000 of bituminous. In money value the output 
in the United States is safely #500,000,000 in the markets where it is 
used. This is greater than the value of the gold, silver, cotton, and 
petroleum produced in our country. 

It is only in a few weeks that the semi-centennial of ocean steam 
navigation has been held. In 1838 the steamer "Sirius," of 700 tons 
register, 1,340 tons burden, arrived at New York. It took her 14 days, 
and she used 600 tons to make the voyage. Now we have the 
" Etruria," with a burden of 7,718 tons and using 2,000 tons, and mak- 
ing the trip in 6 days. It is stated that the exports from Great Britain 
for the use of foreign steamers is 7,000,000 tons annually. At New 
York alone the ocean steamers take on 1,250,000 tons ; while, if we took 
into consideration the vessels of the rivers, the inland lakes, and the 
coast, we might make the sum total 10,000,000 tons. The railway com- 
panies of the United States furnish the next largest consumer. It is 
stated that 22,000,000 tons are used annually by the railways of the 
country. 

What is a million of tons ? Did you ever stop to consider what is 
meant by that phrase ? Just fancy, if you can grasp the idea, that last 
year we mined 120,000,000 tons in the United States alone. This is a 
large tonnage, and you hardly know what to make of it. One million 
of tons would represent a string of gondola cars, 25 tons each, 40 
in a train, and 1,000 such trains. They would stretch across this 
continent running only a mile apart. It is, no doubt, difficult to grasp 
the idea of 120 times this quantity. If you can do so, then you have 
some idea of the extent and magnitude of our fuel consumption in the 
United States. What is it worth ? We can best answer tliis question 
by giving the value at the initial point of production, as the price varies 
with the distance from tlie mines. 

Taking the 34,000,000 tons of anthracite coal produced last year, at 
a value of Ji«2.50 per ton, would be a fair basis, and the 85,000,000 of 
bituminous at 'tl.25 per ton. 

It takes an army of 273,000 persons merely to produce and prepare 
this commodity for the market, to say nothing of those who are engaged 
in the traffic after it has been produced, — along railways, at shipping 
points, in tlie yanls, etc. 

It is safe to say that 90 per cent of the selling price at wholesale 
is made up of the wages paid. 

* The Engineer, Aug. 11, 1888. 
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The bituminous coal of thia country, which foitus »(» hirge a propor- 
tion of the total, is produced, carried, and 8t>ld for a lem price thiui in 
juiy other country in the worid, F'roin Wcsteiii Peinmylvania, <>hi(J, 
JUinoLs, and Intliiina there m a production that will foot up the totiil ot* 
35,000,000 torn. 

Pennsylvania, in one county only, produces 5,090,000 ton.-^ annually. 
Ohio c<)ntains plenty of good coaL 

niinois Ls l^lossed with plenty of good coal that ia cheaply mined, 
traiL^j>ortcd, and Kold. Cliicago get« coal at $2 per ton, while SL Louis 
manufacturer? ohtain their supply at the rate of $1,50 i>er imi. Manu- 
facturei-8 aWmt Pittsburg can buy their eoal for #L25 }icr ton delivered 
at their works, and we know of recent conti-acts at Uuflfalo at f 1.60 per 
ton. Some remarks in regard to the varieties of anthnicite might l)e in 
order. Ijackawanna is one of the oldest and l:test known, Tlie Pittsun, 
mined })y the Pennsylvania Coal Company, is alx>ut tlie next oldet^t, 
having Ijeen worked consecutively since 1851, Lehigh is not very 
largely used out^i<le the SUite of Penns3dvania and the Atlantic sea- 
1X3 rts, although its value in comjmrison with the free burning coals of 
the northern fielils would warrant a larger sale and consumption if it 
could )je had in quantity, 

A few facts with regai^d to the amount consumed in the various cities 
of tlie Union might be in onler. In New York, inclurling lirooklyn 
and Jei-wey City, we may safely put the consumption for all puiposes at 
8,000,000 ttms per annum, 

Chicago will use 4,000,000 tons, while Cleveland will use 1,2.50,000 
tons- These figures do not, of course, include anj^hing arriving at the 
seveml points for rechntribution, as it may he termed. 

Varieties of Mineral Coal. The principal varieties are anthracite 
and V)ituminoua. The former is the most condensed and the richest in 
ear1x)n; some spet-imens contain 00 per cent of carbon. It is tough, 
very eompat^t, and }M>,ssesses a hig!i lustre, in color vaiying fmm a jet 
black to a dark lead gray; its deiLsity and freedom from volatile matter 
make it an excellent conductor of heat and thus i)revent its ready 
ignition* Wlien once thoniughly fii-ed, it burns for a long time, emit- 
ting an intense concentnited beat. 

The physical properties of coal include mc«t of the general 
properticH of mat tin 

It beloagH to the non-metallic class of bodies, is a solid, varying in 
siructura fnim a hard, ciystalline, to a compact, earthy body bearing a 
cWe rt?ncndilance to wood, 

-4 do not fuse at all in the fire, w^bile Bituminous sometimes 
^' -ihout decomiK>siti£^^In sf>ecific gravity it varies from 





+ 



Digitized by 



Google 



I 



^ 22 

I ^ Heat: Its Science, Production, and Application. r 



^,( 



V 



{^ 



Anthracite coals are often divided into the Red-ash and the White- 
ash, according to the color of the earthy impurities which remain after 
the coal has lieen consumed. Anthracite lias been employed in this 
countr}' since 1820 for heating puqxwes, and during the last twenty 
years for culinary purixwes, both in close stoves and in open grates. 

It has high evaj)onitive forces ; but, from the intensity of the combus- 
tion, it causes the iron base of the grate and lK)iler to oxidize rapidly. 

Bituminous Coal. This is a mechanical mixture of carbon and 
bitumen. Bitumen is the general name for certain com{)Oiinds of 
carl)on and hydrogen which result from the decomposition of vegetable 
suljstances. It resembles piteh or tar, and is highly inflammable. Its 
composition is: Carlxm 75 to 80 per cent, hydrogen 5 to 6 i)er cent, 
nitrogen 1 to 2 \k'y cent, oxygen 4 to 10 per cent, sulphur .04 to 3 per 
cent, ashes S to 10 i)er cent. Heat units 13,000 to 14,000 j)er [)ound. 

Cannel coal is a dry and highly bituminous coal of close texture, and 
[)ossessing a faint lustre. It is remarkable for the readiness with which 
it ignites, l>eing kindled at once in the flame of a lamp, and continuing 
to bum with a highly luminous yellow flame without melting. Tins 
proi>erty renders it well adapted for illuminating pur|)Ose8, and has 
given it the name of cannel, wliich is the pronunciati(m of the word 
candle in Lancivshire, where the name was first applied. In Scotland 
farmers use it for candles. It is susceptible of receiving a fine jwlish, 
and is often made into boxes and other articles. 

Coke. Coke is a brittle, porous solid, of a grayish black color. It is 
artificially prepared by a process called coking, which consists in expell- 
ing the volatile matter from the bituminous coal, and is usually carried 
on in ovens made of fire brick or stone. The charcoal is introduced at 
the top, and, being lighted, a little air is admitted by openings in front. 
When the coal ceiises to evolve smoking vapors, the supply of air is cut 
ofif, and the oven allowed to cool for a day or two. A door in front is 
then opened, and the coke is raked out while still hot. Water is thrown 
upon it to prevent farther combustion. When coal of small size is used, 
water is sprinkled over it previous te firing, that the operation of coking 
may proceed more completely. 

The quantity of coke obtained from a ton (two thousand pounds of 
coal) varies from a thousand to sixteen hundred pounds, so that the 
coal sustains a loss of from 20 to 50 per cent of its weight. At the 
same time it increases in bulk nearly one fourth. The coke al 
moisture from the atmosphere, sometimes to the extent of 30 per cen 

It gives off no smoke in burning, and evolves a large amount of 

It is extensively used in smelting metallic ores in those localiti§ftr 

'^ anthracite cannot be obtained. -^^4 
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It is also used in furnaces and fire-chambers of locomotives, because 
no means liave as yet been devised for effecting such a complete com- 
bustion of those hydrocarbons which are expelled in the process of cok- 
ing, as to avoid the escape of large volumes of smoke. Could this be 
accomplished, we should save, not only the 20 to 50 per cent of valuable 
heat-giving constituents of coal, but also the expense of coking. 

Connelsville Coal. From this coal the celebrated foundry coke is 
made. The coke is very hard, occurs in long pieces not unlike stove 
wood, and is of a steel-gray color, having a bright metallic lustre. It is 
used largely in the Middle and Western States for the smelting of iron 
in cupola furnaces, and is a most excellent fuel for the purpose. The 
same as Lehigh anthracite coal, it yields an intense heat, burns free 
under a strong blast, and will support a considerable weight of iron above 
it in the cupola without crushing. 

Charcoal. This variety of fuel is a black, brittle, inodorous, luster- 
less solid. It is produced by depriving vegetable substances of their 
volatile constituents. 

This is effected by the agency of heat. The wood is piled so as to 
form a mound, and then covered with turf and soil in such a manner as 
to almost entirely exclude the admission of air, and thus prevent com- 
plete combustion. 

A sufficient volume of air is admitted to keep up a slow combustion 
for several days, or, if the quantity is large, for several weeks. When 
the wood is thoroughly charred, the air is entirely excluded, and com- 
bustion ceases. 

The charcoal produced retains the form of the wood, but is much 
reduced in size and weight, seldom amounting to more than three 
fourths the bulk of the wood, and one fourth of the weight. A cubic 
foot of charcoal from soft wood weighs only eight or nine pounds ; from 
hard wood twelve to thirteen. 

Charcoal, newly made, burns without flame, but it soon absorbs 
moisture from the air, which is condensed in its pores. When the char- 
coal is burned, a portion of the water is decomposed, and hydrogen is 
set free, which takes fire and bums in connection with the carbon, pro- 
ducing a small amount of flame. Charcoal ignites readily, and gives a 
large amount of heat. 

At high temperatures charcoal has a powerful affinity for oxygen, 
and is of great service in reducing metals from their oxides in smelting 
furnaces. Charcoal has one advantage over wood, bituminous coals, and 
every kind of fuel containing hydiogen ; namely, that the products of 
combustion are dry, whereas, if hydrogen is present in other fuels, 
water is always found in considerable quantities, every ounce of hydK)gen 
, 1^ producing nine ounces of water. ^ 

*ih mi. 
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Peat as an Article of Fuel. The term "[)eat" is applied to the 
organic matter or vegeUible soil of l>ays, 8wam|)6, beaver meadows, and 
Bait marslies. It resultH from the decay of many generations of aquatic 
or marsh plants, as mosses, grasses, and a great variety of coarse shrulis, 
mingled witli mineral sulwtances derived from those plants, or blown 
and washed in from the surrounding lands. 

Hqw Peat Is Formed. In this country tlie production of j)eat from 
fallen leaves and decaying plants dejHjnds on the presence of sufficient 
water to saturate these vegetable substances and thus hinder the free 
access of air. 

Saturaticm with water also has an effect to maintain the decaying 
matters at a low temperature, and by these two causes in combination 
the process of dectmijKwition goes on verj' slowly. The solid products 
of such slow decay are comiH>unds which themselves resist decay, and 
hence they gradually form accumulations, sometimes of great extent. 

To that remarkable animal, the beaver^ we owe many of our rich^t 
peat bogs. These creatures, from time immemorial, have built their 
dams across rivers, thus flooding the adjacent forests. In the rich leaf 
mould at the water's edge, and in the cool shade of the standing trees, 
has begun the growth of the sphagnums, sedges, and \'arious purely 
aquatic plants. These, in their annual decay, have shortly filled the 
shallow Ixmlers of standing waters, and by slow encroachments, going 
on tlu*ough many years, have occupied the deei)er portions, aided by the 
trees, which, j)erishing, give their fallen tnuiks and branches toward 
carrying on the work. 

Peat is genemlly less efficient in tlie production of heat than wood, 
though having an ecjual or greater proiK)rtion of carbon. The reason 
for this is found in the fact that it occupies a greater bulk for a given 
weight, a necessary result of its [Mirosity. The l)est, or j)Oorer qualities 
artificially condensed, may, on the other hancl, equal or exceed the best 
kinds of wood in heating j>ower, taken bulk for bulk. Another reason 
that renders some kinds of peat inferior to wood, in heating effect, is the 
great quantity of incombustible ash that it contains. 

Peat Charcoal. The common and simple mode of carbonizing or 
charring ordinary i>eat is to arrange it in heaps, the same way that wood 
is piled for making charcoal ; tlie sods or blocks must be regularly 
placed, and laid as conqwictly as possible. Tliev should l)e alK)ut fifteen 
inches long by six broad and six thick. The heai)s, buUt hemispbAi<: 
ically, sliould be smaller in size than piles of w(X)d usually are. In j 
some five or six thousand large sods compose the heap. 

The mass miLst be allowed to heat more than is necessarj^ for wff 
and tlie process must l)e very carefully attended on accov* 
1^ extreme combustibility of the charcoal. 

H^re- 
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'i'lu^ fiuaiitity nf t'hure<Hil tjbtiiined by this method m generally from 
20 to SO 1*1*1* cent of the weigiit of Ary turf. For many indiu^trial pur- 
poses the chamoal thus ijnxlut'ed fnmi peat in itjn natunil Htate U too 
liglit, Ix^oause, genemlly siieakiugn^ it is only with fuel of cousidenihle 
density that tlie mtist inteniie heat is produced. It is therefore only 
with i»eat in a solidified stnte that we can expeet to prepare a charcoal 
thomnghly adapted \m a fuel for tlie more severe proeenses retpiirrd in 
the artK. By coking thi^, however, a charcoal is prf>dueed of u dcMiaity 
of 1.04 or npwanln, wliieli is superior to the best w^ood ehareoal. 

Peat in Europe. At the great exbilntion of 185o, numerous s|)ee- 
imens of peat and peat ehareoal prej^ared hy different patent prcntesses 
were exhibited, whieh were remarkable for their density, and also for 
their elieapness. 

In the city of Paris, i>eat moulded in small brieks, of suffleient 
density to sink in water, is supplied for domestie [nirjioses inmi nuiuei*- 
ous sources. Peat as an article of fuel has, until recently, Iteen used 
in this country only to a very limited extent; hut in ICuroj^e it has \mei\ 
employed, both for domestic ami man n facta ring purposes, for several 
centuries* I>r* King, an Irish wTiter, in lOHo says of turf: ** It is 
accounted a sweet fire; and, having yury inijinlititally destroyed our 
wootU antl not as yet found stone eual, except in a few places, we could 
hardly Hve with(>nt some l>ogH. Wben the eoal i^ charred it serves to 
Avork iroTi, and even to make it in a liloomary, or iron work." 

Peat Used for Generating Steam- Some experiments have been 
made in this country on the value of peat as a fuel for locomotiva or 
stalionaiy boilei-s* One was tried on the N, Y. Central li. K, Jan, 3, 
iHfJi), A loeoniotive with twenty-five empty freight cars attached, on a 
cold day with opjjosing wintis, was propelled from Syi^cuse at the rate 
of sixteen miles an hoar ; the engineer repmli^d tliat the peat gave as 
much heat as the wrjfMl, and burned with a lieautifnl tire. 

Chemical Composition of Peat. Tlie proces.s of burning demon- 
st rates tliat jicat consists of two kinds of matter, one of wlncb, the 
larger jwrtion, is ort/anir^ or vegetiible, in its composition, and is com- 
bustible; the other smaller portion is inorfjanit^ or ash, and is inde- 
structil>le by fii*e. Like that of the vegetation from whieh it originates, 
the (M'ganic imit consists of cariion, liydrogen, oxygen, and nitrogen. 

In tlie subjoined taljle are given the im>portion of ttiese elements, as 
found ill several ^pecijiietL'^ nf peat in various stages of ripeness : — 

Caribou. Jlyilrc^ireu. Oxygun, Tifarogea, 

1. Peat, pi>rotWtijL*iii i*r. ^^^^. 'i^\.m oM 42.57 0,77 

^^^^Hj^ .. 511.47 6.52 SL51 2.01 

•^^^^^^P. . , ^n.Tl 5.27 32.07 2.m 

m J— .i>r^tvv. . ^^^^^^ . ti2.54 ti.SI 2t>,t>4 L41 
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Curiosities of Coal. " Does any one, except a practical chemist, stop 
to think of all the sulwtances which we get from pit coal and the almost 
inconceivable variety of their uses ? Eveiy body is familiar with those 
of tliera that are in daily use, such as gas, illuminating oils, coke, and 
paraflSne, but of the greater part few persons know even their names ; 
science advances so rapidly, and its nomenclature is so extensive and 
abstruse. It is no wonder tliat merchants and manufacturers take 
advantage of this ignorance to foist upon the public articles of food or 
drink, or for the toilet, that, if they are not always dangerous to the 
health, have not in them a particle of the substances which they profess 
to contain. Though pit coal has been known for some hundreds of 
years, the discovery of its numberless products is confined to the 
present century. Illuminating gas was unknown one hundred years 
ago. Petroleum has been in use only about forty years, and it is 
scarcely more than fifty since some one discovered that stone coal was 
inflammable. 

Nearly all the other products derived from soft coal have been dis- 
covered and applied in the interests of science or of fraud within the 
last twenty-five years. The first thought with regard to coal is that it 
is made to give heat and warmth; the next that one of its principal 
uses is to illuminate. But there are obtained from it the means of 
producing over four hundred colors, or shades of color, among the chief 
of which are saffron, violet blue, and indigo. 

There are also obtained a great variety of perfumes — cinnamon, 
bitter almonds, queen of the meadows, clove, wintergreen, anise, 
camphor, thymol (a new French odor), vaniline, and heliotropine, 
some of which are used in flavoring ; and various substances familiar or 
unfamiliar, such as tar, rosin, asphaltum, lubricating oils, varnish, and 
the bitter taste of beer. By means of some of these we can have wine 
without the juice of the grape, beer without malt, preserves without 
either fruit or sugar, perfumes without flowers, and coloring matters 
without the vegetable or animal substances from which they have 
hitherto been chiefly derived. 

What is to be the end of all this ? Are our coal beds not only to warm 
and illuminate, but to feed and quench the thirst of posterity ? We know 
that they are the luxuriant vegetation of primal epochs, stored and 
compressed in a way that has made them highly convenient for trans- 
port and daily use. 

They are nature's savings, laid up for a rainy day for her children ; 
and it is probable that, because they are composed of the trees, the 
foliage, and the plants, the roots, the fruits, the flowers of the ancient 
world, they now so largely supply the place of our forests, plains, 
fields, and gardens." 
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Waste of Coal. Thii* queistton may be considered under two 
headM — the tirstis waste in procuring; the second is wa«te in buming- 
Waate in procuring is partly bievitiible^ and partly preventable. Every 
blow of tlie pick reduces some of the coal to conijKimtive p<>\vder, and 
the amount of waste from this souiTe will vary with the quality of the 
coal iki to tenderness, and witli the character of thu: Ixjd as t(> jt>ints. Of 
the Wiiste of coal in tlie collieries by the destructive practice alx>ve 
refen^ed to, or by l)urning at the pit's mouth great heaps of small coal 
dtist, it is not pos^sible to present any precise information, but there is 
too much reiiiion for apprehension that it greatly exceeds what the pub- 
lic may sup]>ose, or tlie workers of collieries l>e willing to admit. 

In conmion domestic fii'es it has been computed that seven eighth of 
the heat capable of being evolved from coal piiijisen up the chimney 
unapplied, so far as mere warming is concerned. Akmt one half the 
heat generated by the fire is supj>08ed to l»e carried off with the pro- 
ducts of combustion : and the remaining loss of heat is represented by 
the uncoMsunied combustible gases, ami un burned particles of carbona- 
ceous matter in the form of smoke. It is this which randei^ coal smoke 
60 dark and offensive, and which is [lartly dejmsited as soot. 

Relative Heating Value of Different Varieties of Coal. The 

qualities (jf Anunitan and forcigu coals have lieen fully investigated 
by Prof. W. R. Jolmson, atid the results are presented in condensed 
form in Table No. 2, to mIilcIi is adrlcd the npave w ft irk the several fueh 
oempy Iti vithlcfeet. By inspecting tljis table we see that anthmcite sui-^ 
pasi^ca the foreign bituminous coaLs 20 per cent when compared by equal 
weights, and 20 [jer cent by fq^ol hulk>f. In freedom from clinkenige, 
anthracite stands preeminent ; in the rapid production of steam, when 
once in action, the I*enusylvauia bituminous coals are most efficient. 

Later investigations of the relative heating and evaporating power of 
hard and soft coal by Chief Engineer t\ IL Baker, and by Chief Isher- 
wood, U. S. N., also the Baltimore &• Ohio R, R., show that, m extended 
use and under practical conditions, the advantage of antbnicite over 
bituminous coals was I'ednced Uy htfn than 5 per eent\ and that, for the 
(/en era! n^es of (he Navjh the Board pre fern the ^erni-fH(umift(*ii» eoain. 

In i-espect to completeness of combustion tlie semi-bitnmim^us coals 
genendly excel the anthracites. Besides the wasteful nt^ss caused in tlie 
furnace by the greater forinatiou of clinker with the latter coal^ there is 
the greater labor necessary, and time lost in their i^movaL 

The slack of anthracite is conqjamtively worthless on tlie grufeB of 
a lK>iler, wli<.i> sis that of a free-bui-ning coal, when burnt with proper 
appliances^ is equally efficient in the formation of steam. 
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TABLE No. 2. 



RBULTIYS HBATINQ YALITSS OF DIFFSRBNT YARDCTIBS OF COAL. 

By Prof. \V. R. Johnson. 



Space 2240 lbs. in cubic feet. 

Anthracite Coal, 3^4« cubic feet. 

Bituminous Coal, 41-50 ** 

Coke, various kinds, 48-68 " 

Charcoal, 104 ** 

(UaaweU. Page tm.) 



Cumberland, Md. 
Free- Burning 
Bituminous. 



Atkinson &. Tcmplcman's, 
£asby*s and " Coal in Stove, 
Easby & Smith's, . . . 
N. Y. and Md. Mining, . 
Neff's, 



Anthracite 

of 

Pennsylvania. 



Free-Burning 

Bituminous 

of Pennsylvania. 



Averages, 

Beaver Meadow, . . 
Forest Improvement, 
Peach Mountain, . . 
Lackawanna, . . . 
Lehigh, 

Averages, 



Foreign 
Bituminous. 



Queen's Run, .... 

Blossburg, 

Dauphin and Susquehanna, 
Cambria County, . . , 
Lycoming Creek, . . . 

Averages, , 



Newcastle, Eng., 
Pictou, N. S., . 
Sydney, N. S., . 
Liverpool, Eng., 
Scotch, . . . 



General Scak of 

Relative Values 

from the Averages 

of Each Class* 



Averages, . 

Maryland Free-Burning, 
PcTin s y I van i 4 A n t hr 3 c i tc, 
" Bituminous, 

Virf^inia BiluminQusi, • 
Foreign " 

Averages. . 
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III 



1000 

936 

93< 
914 
882 



932 
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1000 


282 


946 


45< 


903 


<97 


927 
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906 
936 


^33 


235 
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tit 
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S28 
658 

886 
677 
877 
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X 







505 
286 

329 
376 
29S 



785 I 359 3^48 



923 


982 


1000 


722 


940 


955 


741 


790 


945 


964 


198 


901 


915 


844 


484 


779 


835 


872 


555 


792 


911 


923 


595 


797 



960 
908 

873 
863 

833 



9<3 
911 

835 
860 
871 



887 878 



458 
176 

'71 
172 
184 

232 



726 
996 
766 
867 
706^ 

892 



lOOQ 

977 
951 
850 
8o[ 



916 



tooo 



395 



9S6 I 1000 



757 
741 



390 
242 

3¥ 



1000 
94S 
948 



3615 

3277 
3246 

3C05 
3096 



207 3834 

>5o 3576 

142 3150 

187 3209 

'53 3^^ 

'68 JJ95 



667 3724 
596 3586 
602 3247 
250 I J012 
291 2885 



481 3299 



809 


776 


191 


827 


595 


792 


738 


97 


928 


588 


747 


669 


276 


764 


424 


733 


663 


323 


857 


58. 


649 


625 


107 


847 


5J' 


746 


694 


•97 


844 


526 



3198 

3'43 
2SS0 

3' 57 
2749 



3027 



8S0 : 6.S2 I 3957 



319 ; 4i7s 
9n \ 4193 
r JO 3537 

tooo I jSif 



8^4 I 47^ I «" ' 
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11^ T has already been stated that heat, for the generation of steam and 

|r for household purposes, is the result of chemical action, which 

takes place between oxygen and certain organic substances as 

wood, coal, peat, and other varieties of fuel. This process is 

called the hurning^ the consuming^ or the combustian of fuel. Call it by 

what name we will, it is a chemical process, and therefore whatever 

pertains to its investigation lies strictly in the department of chemistry. 

The subject involves a consideration of the nature and properties of 
the various kinds of coal and wood, and examines the action of their 
several constituents upon each other. It investigates a very difficult 
branch of chemistry — that of gaseous formations and their complex 
proportions, combinations, and equivalents. It involves the closest 
observation of the separate influence which each element of the atmos- 
phere exerts on combustible bodies in the process of combustion. The 
burning of a single grain of bituminous coal includes a greater number 
of distinct natural phenomena and chemical results than almost any 
other process in the range of chemical science. And it is only by close 
scrutiny and patient investigjition that we are able to unveil the 
mysteries of nature, discover her laws, and thus become familiar with 
her methods of operation, so as to secure the most important results. 

Let not the practical man who reads these pages be alarmed at such 
terms as oxygen^ nitrogen^ equivalent^ combining number^ etc. Let him 
not suppose that he can dispense witli a knowledge of these, if he 
would learn anything of the combustion of fuel. Without such knowl- 
edge he is at the mercy, and becomes too often the victim, of every 
8i)eculative, smoke-burning quack, who neither underetands nor appre- 
ciates the beautiful exactness and completeness of nature's processes. 

It would be no more absurd for a child to try to read without know- 
ing a single letter of the alphabet, than for a man to attempt to gain 
correct notions of combustion without fii-st becoming familiar with the 
elements employed, and the laws which govern their action on each 
other. If the reader be not already familiar with these, let this and 
the following chajjter be a brief introduction. 
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If tlu* lifiit from fuel Ih due In ( hemit nl uctiotu the fij^t question to 
di't iilt' ill i*iiteriii^ intfi \\\\ iuvestigjitiou uinjji thLn subject b» H7r(i* i# 
clwmU'itl ttfihtn.* Under what einumsiiinte.s doe^ it occur? on what 
con<Utionj!i i\m?^ it de|>eud/ whiit law»» if any, control it? But it m 
chemical iu tioii l>etween *triiijt$t and cerUiin other tlemenfH, T\w second 
que^ition then to K* eonsideivd is. What i» ort/f/eti t Whei-e and how 
may it lie oht^iined? what art* iti< [>roperties? what part does it pUy in 
c<inihiLstion ? Our ihinl inquiry' should 1»e, What are the^e other tie- 
mt^nfji/ What are their qualities, and what otiiee do they perform? 

Chemical Action. Whiiiever mcupies s|*a4 e, wlmtever aflfectn our 
senses, i» known lis^ matftr. A limited ]>ortiikn of matter is known ai* a 
hit^fi/, Ih^Iie.^t are e^qmhle of undergoing tlirt^e kind^ of change — change 
of jdaee, change i»f foniu and clumge (>f natirrt\ A piece nf marble may 
K* taken from the quarry* transiK^rted any distance, ami wTought into a 
Ixantiful statue. Tliii* wouhl In.* ehang*- of place and form, but the 
nature of the marble would still l)e tint hanged. 

Its er^tstalline t*tructure would still \w the *wune in the statue b8 in its 
native KnL These an* mf'fhtininil changes. 

If we should tiike tlie same jnci c nf marble, and subject it to a liigh 
degrt*e of heat, its* Htiture would U* elivinged ; it wouhl l>e sei»arated into 
lime and carlH^nie acid, neither of which rt^sembles marlile* 

Ch*miftd iirftntt^ tbcnfoiv, is a name used to designate all those 
processes by whieli the naturt* **( sulislani es, in resjn^et to fomu color, 
taste, smell, and action ui>o« other liotlies, Lh eliangeiU m that new suIk 
stances luilike the old ai^ fiirmed. Tims W(Km1 e\]>cKsed to the air for n 
h)ng time decays; tbat b* its orgiuuc sinictun* is hrt>ken up, and its 
elements couverteil into new wiilistauees t s<i inui in ehaiigt^l to iron rust ; 
tlie juice of the gmin* is turned to wine ; fuel in the stove wastes away, 

diemistiy luu* shown iliat llie solid crust of the glolte, all the Uving 
Ix ings on it, and the atnuksphere whicli surnmn<ls it, are comjiosed of 
sixty-four or sixt v-Hve elements. 

Aft ffttfitnt. "r thnplf ^'*/v, is a sulistanee wdnch never lias Ijeen 
derived fmnu nor ivsnlved into^ any other kiiul of matter. Thus silver 
and g<*hU oxygen and nitnigt*n, are called elements, Iieeause no force at 
our ctininiand has iis yet Ken able i<» sep4*niie ihcm into other elements. 

A t'*nftjt»int**t h'iifif is u\w thai can lie fiei*amted into two or more 
elements. Marble, for example, may l>e rt*s*dveil by the application of 
hesjt into quiekdime, nn invisible gas. Water may W se|iamted into 
t^^o colorless gasi-s, hyibugen and oxygt*n, ilence these are called 
comjiound sul *^tances. 

In tliesc ex}HMnmcnts we fvneive the pbenomenii of chemicaT deeoio* 

p<»sition of cMin|Miiind iMMlirs into their t*lements. The oppmile exkt, 

^s coiisijiting in the chemical combination of two different limlii:;! into tm» 

j Q " . — 



Digitized by 



Goo< 




31 

TiiK Warmixc and Venttt.atton of Buildings. (o^ \ 



Classes of Elements. Elements are of two 'kinih^ proximate and 
nltimafe, A coiupouiid lx)dy may be made up of compound Ijodies. 
Tlie lime and the carbonic acid, of which tlie marlile ia composed, are 
themselves lM-ith eomiiouiid, and hence these are only the proxhnate 
elements of the marble ; but, after the lime hits been resolved into 
calcium and oxygen, and the carlxmie acid into carbon and oxygen, our 
analysis ceases. We cannot decompose the calcium, the carbon, the 
oxygen; hence we call these the ulllvmie elements of the marble. Of 
the sixty-^ix or sixty-seven idtimate elements found in nature, four are 
emjJoyed in the combnHti<jn of fuel — oxygen, hydrogen, nitrogen, and 
carlmn. See diagrams 1 and 2, pages 71 and 74. 

Chemical affinity^ which is the attmctive force exerted Ijetween the 
atoms of ludike std^stiinces at insensible distances, causing thein to 
unit-e and form conq annuls possessing new and distinct properties. Of 
the cause or real natui^ of this and uthei' forces, we jKmsesis no absolute 
knowledge, A stone tlu*own into the air falls to the ground, Tliis 
movement is ascribed to the influence of gKivitati{m^a force which is 
constant and universal in its action on all matter. 

CoheitloH is the atti-active force which exists l>etween similar particles 
at insensible distances, binding them together in one unifonn mass, as a 
piece of wood, iron, or coah 

Chemical affittiff/ is more restricted in its action, and is motUfied by 
V a r io us c i n: n m s tu 1 1 L*es . 

1st, It occurs only ijctween the atoms of dissimilar substances. Two 
pieces of iron, or a piece of iitni and one of copi3er, placed in contact, 
manifest oo dispositirm to unite with each other; while unfih sub- 
stances, as in>n and sulphur, l>^»tassiunl antl oxygen, may exhibit the 
most energetic kind of chemical affinity. 

2d. In general, the more unUke any twtJ suUstances are, the stronger 
is the chemical afHnity between them. Ttie metals, as a clixss, jh^sscss- 
ing many properties m common, show but a feeble tendency to unite 
with eacli other. Two alkalies, as soda aiul iK>t-iish, will not enter into 
chemical unio!u Nitric acid may W mingled with suljihuric acid in any 
proportions, and no change of character is efteeted; tlie mixture is acid 
still. But if an acid is brought into contact with an alkali, as nitric 
acid with ])otash, they will condiine, and j>rfKlnce nitrati^ of i)otas!i (salt 
petre), a neutnxl salt, [jossessing neitlier acid nor alkaline properties, 

3d. t-hemical affinity acts only on atoms removed from each other at 
insensible distances, thus requiring an infimate mixture or iHtmrporation 
of the atoms to bring them within itw range. 

Thus tarUiric arid ajid carl»onate of soda will not unite while dry, 
but, if ajml^^iit' water bt* added to dissolve them both, and to leave 

jimoug each tither, tliev will I'eatUlv combine. ^ \ 
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4th. Elements exhibit a far greater inclination to unite at the 
moment when liberated from some previous combination. 

Substances in this condition are said to be in the nascent state (from 
the Latin warn, to be born). Thus nitrogen and hydrogen will not, 
under ordinary circumstances, combine when mingled in the same 
vessel ; but, when liberated from some other chemical combination, as 
during the putrefaction of animal matter, they unite to form ammonia. 

The same compound is also produced in the furnace during the process 
of combustion, when hydrogen is allowed to escai>e and mingle with 
nitrogen, wliich is always present in great abundance. 

5th. Every direct chemical union is attended by the liheratioii of heat 
and generally of light. The amount of heat evolved is in proportion to 
the rapidity of the chemical action. If iron is exposed to the air, 
oxygen will slowly unite with it, and produce the oxide of iron (iron 
rust). In this case heat is given off, but so grjidually as to be imper- 
ceptible. While if a few drops of sulphuric acid are brought in contact 
with clilomte of potash, the chemical action is so rapid that sufficient 
heat is evolved to cause the whole mass to burst into flame. 

6th. All compounds fonned by the action of chemical affinity possess 
properties unlike those of their constituent elements. Chloiine, a 
suffocating gas, and sodium, a bright shining metal, unite, and give us 
common salt. The bluish white metal, mercury, and the yellow 
metalloid, sulphur, combine and form the bright red paint known as 
vermilion; and sulphur, uniting with black, solid carbon, produces a 
clear, colorless liquid, the bisulj)hide of carbon. 

7th. The power exerted by chemical affinity is wonderful beyond 
description. An iron wii-e which will sustain a weight of several hun- 
dred pounds will readily yield if brought in contact with diluted sul- 
phuric acid. A silver coin thrown into nitric acid will have its atoms 
torn asunder, and in a short time will be completely dissolved. 

The force of chemical affinity between the atoms of a pound of 
hydrogen and eight pounds of oxygen is estimated to lie equal to a 
mechanical force sufficient to raise forty-seven million pounds to the 
height of one foot. 

8th. Chemical affinity unites sul)stances only in definite proportions ; 
and, since these are unalterable, the relative proportions of the constit- 
uent elements in any compound may always be expressed in numbers. 

Water, for example, at the equator or at the poles, as rain, snow, ice, 
or vapor, is uniformly composed of eight parts, by weight, of oxygen 
and one part of hydrogen. The truth of this may be established both 
by analysis and by synthesis. When under favorable circumstances a 
current of electricity is passed through water, bubbles of gtis will escai)e 
from each pole of the battery. On examination the bubbles from the 
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positive pole will prove to be pure oxygen, and those from the negative 
pole pure hydrogen. 

And there will always be eight parts, by weight, of the former, to one 
of the latter. Again, water when artificially prepared by burning hydro- 
gen in oxygen, requires just eight pounds, ounces, or grains of oxygen, 
for one pound, ounce, or grain of hydrogen. If nine grains of oxygen 
are taken, one grain will remain uncombined; or, if two grains of 
hydrogen be used, one grain will also be left free. 

The union of these elements to form water will always take place in 
this pi-oportion, and in no other. So lime is always found to be conj- 
posed of eight parts of oxygen and twenty parts of calcium ; common 
salt of thirty-five parts of chlorine and twenty-three of sodium ; and 
thus with all chemical compounds. 

Law of Multiple Proportions. Many of the elements have the 
power of combining with each other in more than one proportion. Thus 
by looking at the column of compounds in diagram 1, we notice that 
carbonic acid contains a double proportion of oxygen. But this is no 
contradiction to the statement that chemical affinity unites substances 
only in fixed proportions. For it will always be found that the larger 
proportion has a definite ratio to the smaller, being an exact multiple of 
it. If carbon or any other element unites with more than eight parts 
of oxygen, it will invariably unite with some multiple of it, as sixteen, 
twenty-four, etc. And the same principle applies to every chemical 
combination. 

We find that hydrogen combines with other elements in the smallest 
proportion of any known substance ; hence we take this as the standard 
with which to compare the combining quantity of any other element. 
This subject may perhaps be more clearly illustrated by the case of a 
merchant who wishes to count out a certain sum of money, taking half 
its value in silver and the other half in gold. He will be obliged to 
take fifty ounces of silver for every three ounces of gold. 

In this case fifty ounces of silver would be equivalent to three ounces 
of gold. So in chemical compounds. 

There is as much chemical energy in one grain of hydrogen as in 
eight grains of oxygen ; that is, they neutralize and balance each other, 
so that, if we assume the equivalent or combining number of hydrogen 
to be one, that of oxygen will be eight ; that of earl>on six, since it 
requires six grains of this element to combine with one grain of hydro- 
gen ; that of nitrogen fourteen, for a like reason, and so on. And if we 
represent hydrogen by a circle of a given size, a circle eight times as 
large will represent oxygen. These placed side by side, as in diagram 
1, illustrate the true composition of water. See page 71. 
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Combination by Volume. Of the four elemental employed in tbe 
comhiiHtiou of fuel, three are gases, as are also their compooncK It 
will he more coiivenieut to deal with these by measure than by weight; 
and it will always Ix? found that gasious In Kites cojiiliine with t-ac*h 
in fixed and definite volumes, though lhe«e volumes may not have the 
game proiMHtion to each other as tlie coiTesiKMiding equivalents by 
weiglit. Thus the equivalent of oxygen U eight. We place eight 
gniins of oxygen in a jar, wliich will contain exsrtly tlm quaiititr. 
Tlie equivalent of hydrogen is one; hut \\\^ find tluU tlie jar which held 
one equivalent, or eight grains of oxygen, will tontuin only half an 
equivalent, or one half grain of liydrogen. Therefore the equivalent 
volume of hydrogen is exactly double tliat of oxygen, while \Xa eqtdvar 
lent weight Ls only one eighth that of oxygen. 

Agjiin, the equivalent of nitrogen is fourteen, and we shall find on 
trial that the jar will contain but lialf \\i\ ecpii%alent of this ga^; hent« 
the ecjuivalent volume of nitrogen is the same a-s that of hydrogen* 
The volume of two gjvses after combinatinn is often les.'4 tlian the sum 
of their volumes in the separate state; i»r, in other wonK two gases by 
their <liemical union suffer a condensation* 

'I'wo measures of hydrogen and one of i>xygen, for example, form only 
two mejisures of steam. All the diagninis in this treatise, with the 
cxri'ption of No. 1, will represent the relations and t'omliination!* i>f the 
dilTerent elements by volume instead of by un)/ft( ; !mt hydrogen mil 
hiill Im« the unit of meiusure. See diagiiiui 2^ [mges 74 and 75* 

Atoms. Tlie laws of combining proportions whicli liave thus far 
Imm'Ii exphiine<l, are the results of actual experiments. 

For the remarkable phenomena displayed by that affinity Mhieh unites 
I'Juminil Holistances in the manner we have seen, there muxt lie a cause, 
'Inhere munt 1m» some cause which maki s it ini]K)88il)Ie for elements to 
combine in any other than these propoiiinns* 

The <hcniiMt has numenms and iM)werfal rt^asons for lielieving that 
all matt^'r is <*onq)oscd of atoms; that is. of exet^edingly minute, 
unchangeable pailirles. It luis In^cn nbjetted that we cannot thiidk of 
|Mirticlcs HO small that, if possessing weight and figure, they may not be 
divided into still smaller quantities, (ininting this, chemists neverthe- 
less are conq>clhMl to assume that natuiv d(H's ultimately limit the divi^ 
ii)ility of matter. It is not insisted that in thf't>rif atoms are inea|iahleof 
<livision, only that jtmrfiml/t/ they an^ sm. Evcit atom may iierhaps 
consist of innnerous smaller atoms, but jthtft^tmUtf it is considered indiris- 
ible and unchangeable. We may conqmn* these ultimate atom^ of 
matter to merchandise put up in ceii un {x^mm* Tims mtuiy kiitii^ of 
goods pass thi-ough a dealer's hands, scaleil \f ^^|n;€lst ciin^s or Iht^t^ 
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which the merchant never opens. In practical commerce they are 
indivisible^ though absolutely they are not so. 

All matter is supposed to be com{)ose(l of ultimate, indivisible, im- 
perishable atoms, endowed with certain determinate properties, which 
we can neither alter nor destroy. The visible objects of nature are 
viewed as formed by the close an^angenients of these atoms, as a 
massive edifice is built by placing together a great numl)er of hewn 
stones or moulded bricks. Being solid and incapable of separation, 
these particles do not fuse or run into larger particles, as would be 
the case with two cb-ops of a liquid metal, like mercury, placed in 
contact with each other ; but, under the influence of various constrain- 
ing forces, as cohesion, affinity, or electric power, they arrange them- 
selves side by side in groups. Assuming that all matter is thus com- 
posed of associated atoms, the atomic theory, as it is called, teaches : — 

That all atoms of the same element possess exactly the same iveight. 

That atoms of different elements may possess different weights. 

That the number indicating the weight of an atom of an element is the 
same as the combitiing number, or equivalent, for that element. 

RECAPITULATION. 

An element, or simple body, is one that cannot be decomposed. 

A compound body is one that can be decomposed. 

Tlie elementii employed in the process of combustion are oxygen, 
hydrogen, nitrogen, and carbon. 

The force which draws the elements together to form new substances 
is called chemical affinity. 

Cliemical affinity acts only on the atoms of dissimilar substances, and 
requires that these shall be at insensible distances from each other; 
hence the more perfect their intermixture, the more rapid will be the 
chemical action between them. 

The more unlike two elements are, the stronger will be their affinity 
for eacli other. 

Every rlit^mical uiikm is attended by the evnlution of heat, and 
generally of liglit. 

The cjuantity of heat evolved will de]>end on the int^naity and rapid- 
ity f>f tlie chemical union, 

Eveiy chemical compound iKJssesses propertief^ unlike those of its 
constituent elements. 

All elementH, whether proximate or ultimate, enter into chemical 
union imly in ti^ed and detiiiite proportions. 

The numljers exprci^sing thet*e proj>ortions ai-e called equivalent^*, or 
atomic weights- See diaf2;rcuns 1 and 2, pages 71 and 74 




Digitized by 



Google 



^ 



# 



^ 



m 



Heat: Its Science, Production, and Applicatiox. 



TABLE No. 3. 



The Heat of Different Fuels and their Evaporative Power, with the Weight and 
Volume of Air Consumed. — Results of Experiment, Theory, and Practice. 
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; Hydrogen (forming steam) 

Carbonic Oxide ( forming carbonic acid) 
^ Marsh Gas (forming carb. acid A steam j 
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, Illuminating Gas ] hydrogen and 

I f marsh gas 

' Natural Gas (principally marsh gas) . 

.water Gas | %^dt^T.^!r.' 

Gas from blast furnaces 

LIQUIDS. 

I Petroleum Oils (73 per cent carbon) 

I A mer. Petroleum. (80 ** •• ** ) 

Alcohol (52 " •* " ) 

I Naphtha (density, .827) 

Camphene (distilled from turpentine). . 
SOLIDS. I 

Carbon (forming carbonic acid) 

\ Burning to carbonic oxide i ' 
I (when the air is limited) ( ' 
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Coal, anthracite (90 ** 

Coke m " ** 

Wood, kiln dried ..(5<) ** ** 
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• > \ t — f.'.iminating Ga**. Analysis of average composition, Thorpe's chemistry. 
: \ ^x — .'ijT Analysis of Natunil Gas from wells in the East Liberty District, near Pittsburg, 

*'«. .7 *• A. Ford, Chemist. 
^v K — .^^-;.».*t nn Water dan (Strong Process) by Dr. Gideon E. Moore. 
Tut m»%mwt t4 m\t ^applied in practice is generally estimated as twice as great as thatcon- 

i»iiii.»n ^ •: f for iw,/;#/ /if r/« and ordinary furnaces. For yoses and atomized Ziguidt the 

i,.* *,i'^. ,*i\ -^xA <^on.*ume«l are, ap|)roximate1y. equivalent 
9 ii#^ %%ia%ni»^ ^ thi# prwdacts of conbostion. — For »oVid and WfuidfueU this is nearly the aazne 

*u :i:ti- -y -...-«!: A.r supplied (Col. C.) when expanded to the temperatan^ <i u.*- *?»capni- 

^.^y*'r >'..♦ ',';a^^, im fn*l the volume is that of the air and gas (Cols. C- aod AA »l tin 

u 1 1 !>/«-*«' .1 •• '■» •..<. h^ar.<d pa.*. (For Expansion, see Table 23.) 
Heat iufft iM *v«*^>.:ji^ ifB4^^ — Thi.s is equal (approx.) to the weight of air ai p^i. 

• * •» I II V ' ><: ,7 tli*- sfK-cific heat of the gases (nearly tho -:»iTit' iii* thr ^- 

i>\ \u* <i v.*'K'u*jK ,:, p.<trrnp»T'.iiure hi't ween the air admitted and ilic ga^f^s 
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XYGEN. Of the elementary substances with which modern 

chemistry has made us acquainted, oxygen is the most important 

and the most widely diffused. It constitutes, by weight, one 

fifth of the atmosphere, eight ninths of all the water on the 

globe, four fifths of all vegetable and three fourtlis of all animal 

substcinces, and nearly one half of the solid crust of the earth. 

Pure oxygen may be easily obtained by selecting any of its com- 
pounds that will readily part Avith it, as, for example, the red oxide of 
mercur3^ In this compound the affinity between the oxygen and the 
mercury is so feeble that a very moderate degree of heat will destroy 
it, and the oxygen will be set free, and may be collected for examina- 
tion, while the mercury will be found in small globules on the sides and 
bottom of the vessel. 

Properties of Oxygen. Oxygen is a colorless gas, tasteless, and 
destitute of odor. It is about one tenth heavier than ordinary air 
(specific gravity 1.1057), and it forms about 23 per cent of the 
atmosphere. One hundred cubic inches of it weigh nearly tliirty-four 
and one-fifth grains. 

Oxygen is a neutral substance, having neither acid nor alkaline 
properties; but, though npparently weak and inert, it is endowed with 
the iiH^sl HMuarkiil^le prtJiiorties. 

Affinity for Other Elements. Oxygen possesses the widest range 
of ultiiiity of any known substance. It combines with all the other 
elejuentjt, excejjt fiuoriiit^ tliough its affinity for other substances varies 
widely acconling to eireumstances. At ordinary temperatures it unites 
slowly with iiu>st met^ilw, A piece of iron exposed to the oxygen of the 
air is attacked by it, and will be converted into the oxide of iron, — a 
procesH calli^d oxidation, — but here the process is very gradual. With 
eoj)|wr and many other metuls it is still more so. 

A stick of wchkI may rtmiain for years exposed to the action of 
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'^t undergo luit a very slight cliange ; but when at a high 
igen Bcui^s. upon these substances with a terrible energy, 
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is seldom found free in nature. The 
in the greatest abundance is water, of 



^jr^ 



It is also an essential 



Hydrogen. This element 
sulwtance which contains it 
which it constitutes one ninth jmrt by weight, 
constituent of the class of bodies tenned acids. 

In the mineral kingdom it is not verj' abundant, but it enters largely 
into tlie com{>osition of many kinds of wood, and is alwaj-s present, in 
greater or less abundance, in the different varieties of mineral coal. 

Hoiv Obtained. Hydrogen, for i)urj)08es of ex{)eriment, is usually 
obtained l)y tlie decom{K)sition of >vater. If strijjs of zinc are thrown 
into a jar containing water, a portion of the water is decomposed ; the 
oxygen seizes upon the zinc and converts it into oxide of zinc, and the 
hydrogen is set free. Verj' soon, however, the zinc becomes coated with 
the oxide, and the oi)eration ceases. But if sulplmric acid is added to 
dissolve the oxide, so as to [iresent fresh surfaces of zinc to the action 
of the water, a constiint supply of hydrogen may be obtained. 

Properties of Hydrogen. Hydrogen is an invisible and, when pure, 
tasteless and odorless gas. It is the lightest of all known sulistances, 
l)eing one sixteenth as heavy as oxygen and less than one fourteenth as 
heavy as air. One hundred cubic inches of it weigh only two grains. 
Ilydiogen is highly inflammable, but will not support combustion. 

Nitrogen is very extensively diffused throughout nature. 

It fonns alK)iit four fiftlis of the atmosj)here, enters largely into the 
vegetable and animal kingdom, and is found in small quantities in some 
varieties of coal. 

How Obtained. Nitrogen may be obtained by >vithdrawing the 
oxygen from a iK)rtion of the air. If a bit of phosphorus, placed in a 
cup and floated in a shallow dish jmrtly filled with water, be set on fire, 
and a jar Ije i)laced over it, the i)hosphorus will Uike the oxygen from 
the air within the jar, forming phasphoric acid, which the water rapidly 
absorbs, leaving the nitrogen free. 

Properties of Nitrogen. The gas, like oxygen and hydrogen, is 
invisible, tiusteless, and odorless, but unlike them it is noted for its 
inertness. 

It combines directly with no other element, and is therefore neither 
combustible nor a suj)iK>rter of combustion. 

A lighted taper introduced into a jar of this gas is immediately 
extinguished, nor Avnll the gas itself take fire, as is the case with hydro- 
gen, when it comes in contact with the atmospheric air. It is a little 
lighter than common air; if a given volume of air weighs one thousand 
grains, the same volume of nitrogen will weigh nine hundred and 
seventy-one grains. Its chief use in the atmosphere is to dilute the 
oxygen, and subdue the terrible energy of this wi>nderful ami 4we 
inspiring element to an innumerable variety of useful jmqw^sjt *^ 
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Carbon. This element, which forms the solid basis of most fuel, is 
among the most abundant and impoitant of the elementaiy substances. 
It exists in nature under a variety of conditions. The diamond is 
carbon in its purest state, as may be proved by burning it with oxygen, 
when pure carbonic acid only is produced. 

Charcoal and coke are well known forms of carbon. The fonner is 
obtained from wood ; the latter from coal. 

Properties of Carbon. Carbon at ordinary temperature has little' 
or no affinity for other elements, and is consequently one of the most 
unchangeable of all kno^vn substances. 

Grains of wheat charred at Herculaneum nearly two thousand years 
ago retain their form. At high temperature, however, carbon surpasses 
all other elements in its affinity for oxygen, and upon this property 
depends the most important part which it plays in the process of com- 
bustion of fuel. 

Phosphorus and Sulphur. There are two other elementary sub- 
stances which claim a brief notice, as we shall have occasion to refer to 
certain properties possessed by them. 

These are phosphorus and sulphur. The former is a soft, colorless, 
semi-transparent, waxy solid, highly inflammable, bui-sting into a bril- 
liant flame at a low temperature, and burning with great violence. If 
a small piece of phosphorus is placed in a small metallic cup, and low- 
ered into a jar of oxygen, no rapid chemical action will follow ; but, if 
the phosphorus be touched with a piece of heated wii*e, it will instantly 
kindle and bum with great intensity, giving out a light too brilliant to 
be endured by the eye. By reason of its inflammability it is kept under 
water ; if exposed to the air it slowly oxidizes. Its chief use is for the 
manufacture of friction matches. For this purpose it is mingled with 
glue and other substances, as otherwise it would take fii'e with the least 
friction, or even by exposure to the rays of the sun. 

Sulphur. This is found in great abundance in volcanic regions, in 
coal, and in some species of plants. It is a light solid, brittle, and, like 
phosphorus, very inflammable, ttiking fire at a low temperature. It 
bums with a beautiful flame, and forms sulphurous acid, a gas possess- 
ing a pungent, suffocating odor, which may readily be recogiiized on 
lighting friction matches, for the manufacture of which, like iJiosphorus, 
it is extensively eni]>l<»yi^d. 

Compounds of Oxygen, Hydrogen, Nitrogen, and Carbon. These 
four e lemon tn en t^r into cr»ni In natii35t^]||a&^**^'li nther, and give rise to 
a large elaj^ of conipournln. some' ' 'iponiinent part in the 

process of combustion, Theaftj' " ^drogen and bicar- 

buretted liydrngen. The f^ carburetted hydro- 

^ ^erii methane^ or mar%h tja»^ 
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Nature of These Gases. — ( ftilmn?tted hjtlrogen i« oompo^ed cif 
one ot]iiiviili*nt of litrlwu) and two of hydnigeu (by weight, sbt partis of 
cailwm and two of hydro^'n). Tliia m a colarleHisi, <Mlorlt;»s8, tastdess* 
infliiimnuhlu gas ; it bunm vvitli i\ bright, yeUuwL^h flame, aiid when mixed 
with oxygen and eotiimon iiir it Wh nines expkitiive- A given volunie of 
thi.H gas weighn a liith* nK*n.' ihiui half the siune volume of common air 
(cruninon air 1000, carbiiretted liydrogeii 553 nearly), 

Bieai buret tt?d hydrogen i» ronijMKiied bj weight of twelve parts of 
carlxjii aint two of hydn^gen* ThiM is a colorkivs, tasteless gas, j>osse!5a- 
ing a iiiJirkrfl o<Ior ; h higliiy intlaninmble, hnrmug with a brig! it aod 
intensely luaiinoua flame. It fornix the lietter part of our illuniinatiiig 
gas. Like <'arbiirelted hytUogen, it is exphtsiive wln-u mixed with eom- 
mon air. Its a})eeifie gnivity is a Httle less than that of common air 
(conunou mv 1000, hiearburetted hytlrogea 9H5)- The^^ com[X)undi$ 
will iveeive attention iis we enter ujm^ an exphination of the ehemicai 
changes wlijeh take pki'e during the prout^HK fit eonibui^tion. 

RECAPITULATION. 

Ojrifttvn LH an inviwilile gan, iKis^se^iug a jHiwei'ful affinity for certain 
elenlent^ fcmnd in nil eombiistihle 8ulj*4tAUiet^s, 

Heat is required U\ bring this ailinity into mpid action* 

The higher the tenipemture the muw intense will be tlie action, and 
constHjuenlly the greater will hk* the amount uf heat **voh*ed in a given 
time, 

Jii/flrotftn U an invisible ga.^, an element in mast ^'arieties of fuel, com* 
bining nipidly with oxygen only at a high tt*min-mt nre^ evohing an 
intense heat and pn>dncing water in the form of invisible ^iij>or, 

Nltrutlt^n is also an invisii)le gius, jKissessing only negJitive pro|>ertie& 
It combines directly with no other sidistanee, and hence caunot be 
reganled iis a heat-giving element in eomlmstion- 

Ciirftfiit in li si>lid, the chief constituent of all kinds of fueb and when 
at a high tenipenUnre suriMisses all other elements in itiiS artinity for 
oxygen. 

J^haHphorti» und mtlphur ai-e highly inflammable solids, entering mto 
chemical union with oxygen at a lower teni[H^i'uture than must other 
conibnstibh's, 

Vnrhurt'ttetl viud hit-arhuretied hydrogen ai-e invisible and higldj 
inflammable gas^-s, hurning with h yrlluw tbime. They are formed dur- 
ing the <'um bust ion of most kin<ls of fncL 
See tliagmma 1 and 2, piges 71 and 74. 
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Notions of the Ancients Respecting Combustion. The ancient 
philosophers held an opinion that nature consisted of four elements, 
earth, air, water, and fire. They account for the ascending current of 
flame by supposing fire to be the purest and most perfect of the ele- 
ments, forever tending upward to the einpyrean^ its own home of pure 
fire and light. This doctrine was taught and generally accepted until 
the middle of the 17th century, when a new tlieory was proposed by 
Beecher, a distmguished German physician and chemist. This theory 
was known as the Phlogistic Theory. It assumed that there existed in 
nature a rare ethereal substance called phlogiston. This could not be 
isolated, but was always present, and formed a constituent part of all 
combustible bodies. When a substance was burned, phlogiston escaped, 
and flame was its natural state ; but soon it passed into combination with 
the atmosphere. This theory respecting the phenomena of combustion 
held undisputed sway, and was entirely satisfactory so long as philoso- 
phers ignored an exj>erimental study of nature, and remained content 
in '* swinging round in circles " or their own fanciful imaginations. But 
when Genius retired from the ideal world, and with the true spirit of 
inquiiy commenced to interrogate the living universe, the first resix)nse 
pronoimced the doctrine absurd, and the retorts and balance of 
Lavoisier gave it its death blow. 

It ill becomes us to ridicule the doctrine of phlogiston, while thou- 
sands among us entertain notions respecting combustion quite as absurd. 
Not\vithstanding the boasted enlightenment of tlie present age, and our 
one hundred thousand free schools, purporting to educate all classes of the 
community, it is truly astonishing how deficient is the information of all 
classes, even those who claim to be educated, respecting so familiar a sub- 
ject as combustion. Ask what becomes of the vast quantities of wood and 
coal which are daily thrown into our stoves and furnaces, and in nine cases 
out of ten the reply will be, ^^ burned or consumed ; burned to smoke and 
ashes.'' And when scientific men attempt by the aid of chemistry to 
present an enlightened view of the subject, they exclaim, " Away with 
your fine-spun theories and hair-splitting experiments. Give us some- 
thing tangible, something practical ; " just as if there is nothing real 
or j)ractical respecting the combustion of fuel except smoke and ashes. 
Positive fueU comparative smoke ^ superlative ashes^ the Alpha and Omeya 
of combustion. Nor can it be expected that the masses, or even those 
intelligent men connected with manufactories, managers of railroads, or 
directors of steam navigation, will possess a very large fund of reliable 
information concerning the combustion of fuel. 

Rejecting the aid of science, they become the obedient pupils of a class 
of cackling patent mongers, who are deficient alike in knowledge and 
integrity. 
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The writer of these pa^es met, a short time since, a man wlio claimed 
to liave discovered a method of burning, not only all the smoke, but all 
the giuses formed in the process of combustion. On being asked what 
gases he burned, he replied, " All." **• Do you bum the nitrogen and 
the carlxmic acid ? " " Certainly," was his prompt reply. ** What do 
you mean by burned f^^ "Consumed." ** What do you mean by con- 
sumed f'* "Burned up — destroyed forever." Tliis Socrates of the 
19th century was instructing the benighted citizens of Boston that all 
former theories resj)ecting combustion had been exploded, etc. His 
invention consisted of a small piece of wire gauze i)laced at the entrance 
of the smoke pipe.. 

With such teachers it is not a surprise tliat we hear people talking 
about burning smoke, burning the air, " burning the gases of the air," 
burning the oxygen of the air, etc. Let it be rememlwred by all, that 
smoke will not bum, nor will air burn, nor will carburetted hydrogen 
bum, nor will bicarburetted hydrogen bum, nor will carbonic oxide bum, 
nor will carlwn bum, unlens hromfht into cmitact with other elements. 

There is not a " combustible " substance, either simple or compound, 
known in the universe ; that Ls, there is no sulwtance which possesses 
the inherent projierty of burning when taken alone. It is only when 
a body is acted ujnm by some other body that the phenomena of fire 
are possible. 

" Combustibility is not a proi>erty of tlie combiLstible taken alone ; it 
is merely a faculty tliat may Ikj brought into action through the instru- 
mentality of a corresjHjnding faculty in some other body." 

Experiment. Lower into a jar of pure oxygen a small piece of char- 
coal heated to incandescence. As it enters it brightens and glows with 
a pure wliite and brilliant light. It grows smaller and smaller, and 
after a time entirely disap{)ears. What has become of this solid mass? 
We say that it has been consumed — burned uj). What do we mean by 
this ? Not tliat the atoms of which the carlx)n is composed liave been 
destroyed or annihilated, for amid all the countless changes of nature 
not an atom of matter is destroyed or lost. If we examine the contents 
of the jar, we shall find tliat its weight ha« been increased by just the 
number of grains that the charcoal weighed ; this shows us that the 
carbon is still within the jar, but in another form. If the contents are 
submitted to a chemical analysis, we should find that it contained car- 
bonic acid, which is composed of two elements, carbon and oxygen, six 
graiiLs of the former to sixteen of the latter. 

Meaning of the Term Combustion. Combustion is the process in 
which two or more elements enter into chemical union, attended by the 
liberation of heat and light, and the production of a new compound or 
compounds. 
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Comhuntiojt^ in the more popular or gene rid iueeptatioii of the term, is 
i-estncted to that form of nqml chemical action wJiich oceui^ lietween 
the oxygen of the air and the carbon and hydrogen of certain organic 
substances, aa wood, coal, and other varieties of fucK The'tenm iwm- 
inif and vonrnmhif^ are common exprt^swionH for the same process. 

Genemlly, except in cases* of combustion, chemical action ia brought 
about for the sake of obtaining some valuable products resulting from 
this actum- Thus we effect the clieniicral uni<m of sulphur and mercury 
to obtain the bright red paint called vermilion- I hit in combustion the 
prod tiff ft are regarded as ^vorthless. Tn bui'nijig charcoal we cause car- 
l>on and oxygen to unite ; not for the sake of the carlionic acid witich is 
produced, but on account of the heat, which is only an incidental reifidt 
of such an union. So in the case of illumination we bring about chem- 
ical action, not for the products formed, not for the heat, but for the 
light, which is another invkienttd result of chemical action- 
Combustion will take place only when two or moi-e suljstftnces ivhich 
have an aninity for each other, are brought in close contact, and in the 
case of a fueU a high temj^jerature is in<Us[jensabIe, Any thi-ee of these 
conditions may \ye complied with, and still no combustion occur. 

It hius Iseen stilted that carbon, when at a high temi>ei"ature, lias a 
strong allinity for other elements, When, therefore, a bit of charcoal 
is heated and introduced into a jar filled Avitli oxygen, the atoms which 
compose the exterior of the charcoal come in close proximity to the 
atoms of oxygen witli which the jar is filled ; these atonu^ are urged 
towards each other by the force of chemical affinity, and when tliey 
clash, this force is suddenly arrested and given out ui the form of 
heat, just as when we strike a piece of iron with a hammer, the force of 
the blow is instantly arrested, and the energy is given out as heat. So 
intense is the heat developed by the ehishtng of atoms l)etween the cai^ 
bon and the oxygen, that the piece of carbon is kept at a white heat, 
and the compound formed by the union of its atoms escapes as carbonic 
acid- This prepares the way for otlier atoms to cliish, and so the process 
continues until either the carlnim or the oxygen, or both, are consumed- 

When we say that a sul)stance is coustunetl or burned, we mean that 
the substance htus ejitered into condnnation with another substimce, and 
thniugb this coudnnatiou lu^at has Ikh^u cv^ilved. 

What Occurs in the Burning of Oil or Gas- Take the cixse of 
onlinary flame produced by the burning of gas or oil. 

The chief const itik'nts of thcsr suKsfcuices are carbon and hydrogen 
in a state of chenu\^id iuduti| ^lled hydro-carbon. From this colorless 
gas escai>es the soot " *' ^ ^hich ^ve see ascending fi-om our 

lamiks and gas-bun i|l ii imperfect, 

^ ^ ^ 
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When we turn the 8t4)i)-eock of a common gas-bunier, tlie coal-gas 
(hydn>-carlx)n) rushes out ; tlie surface of tlie comi)Oiuid gas is brought 
into contact with the oxygen of the air, and by applying the heat of a 
burning match, chemical attraction is immediately called into action, 
and so intensified that the gas bursts into flame. At tliis liigh tem- 
perature the oxygen has an attraction for both the hydrogen and the 
carbon. It seizes ujxm tlie hydrogen first, evolves heat and produces 
water, while the carlx)!! is set fire. A countless number of atoms of 
carbon are now floating in the midst of the burning mass. These 
become wliite hot, and to them, wliile in this state of intense incan- 
descence, is tlie light chiefly due. But the carbon at this high temper- 
ature has a strong attraction for the atoms of oxygen which are con- 
stantly rushing towards the flame, induced thither by the current of 
ascending va|>ors ; the atoms of the carbon unite with the atoms of 
oxygen ; heat is develoi>ed, and an invisible gas, composed of six ]>arts 
of carbon, and sixteen of oxygen Ls pro<luced ; this is carbonic acid, — that 
same 8ul)tttance produced by burning charcoal in oxygen. 

Combustion therefore is a chemical change effected upon^ but not an 
anniliilation o/*, matter; for in each ciise the weight of the products 
formed will be found to eiiual that of tlie substances which we say are 
burned plus the amount of the oxygen which entei's into combination 
with these substiinces. 

In each cjise " we have atoms of dissimilar suljstances which are sep- 
arated and i)owei'fully attracted like lifted weights ; they rush together, 
collision arrests motion, and their force is given out as heat. It is the 
clash or imjmct of the atoms of the oxygen against the atoms of the 
elements of the burning bodies which give us the light and heat of com- 
bustion. By figuring to ourselves the atoms shot across the molecular 
space with inteiuse force and thus jwirting with their excess of motion, 
we have an explanation of the source of heat in combustion." 

One circuuLstancc renders it difficult for many jHiople to realize that 
nothing is destroyed in the burning process. 

They see that the solid, jKHidemble matter rapidly wastes away and 
disappears, and they infer that it must be lost. 

This is because the products of combustion are invisible. 

But we should Ixjar in mind that matter may exist, notwitlistanding 
that it is incapable of revealing itself to us through our sense of sight. 
Oxygen, for example, as well as the atmosphere from which it is derived, 
is invisible, yet no one doubts the reality of its existence. 
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How Combustion Changes Substances. Buraing changes a vis- 
ible or invisible compound substance and an invisible simple substance 
into one or more invisible compound substances. This is only another 
illustration of the law stated before, namely, that all chemical com- 
pounds are unlike their constituent elements. The two invisible gases, 
nitrogen and oxygen, combine to form a visible fluid. 

The black solid, carbon, and the yellow solid, sulphur, form a color- 
less liquid. The products of combustion are not, however, always invis- 
ible ; the product obtained from the combustion of hydrogen may be 
made visible. If we bring the invisible vapor in contact with some cold 
substance, it will be condensed into a liquid which possesses every 
proi)erty of pure water. Sometimes combustion affords a solid residue. 
Thus when phosphorus is burned in oxygen, a white powder resembling 
snow will be found in the bottom of the jar, which may be seen and 
weighed as easily as sugar or salt. If two grains of phosphorus are 
burned, the product (phosphoric acid) will weigh four and one half 
grains, and at the same time it will be found that exactly two and a half 
grains of oxygen have disappeared. 

Combustible and Supporter. Many suppose that hydrogen, car- 
bon, and other elements called combustible^ possess some inherent quality 
which renders them capable of producing light, and flame, and heat ; or 
are endowed with the property of burning, while atmospheric air is 
regarded as a supporter of combustmi. But no one who has given the 
subject attention in the foregoing simple exi>eriments can fail to see that 
such a distinction has no foundation whatever. 

What Takes Place when we Kindle a Fire. We have a cold 
stove, cold fuel, cold air, and a cold match. We draw the match across 
a rough surface, the friction raises the temperature above 150**, at which 
point rapid chemical action takes place between the phosphorus of the 
match and the oxygen of the air ; it bursts into a brilliant flame, devel- 
oping heat sufficient to induce chemical affinity between the sul})hur of 
the match and the oxygen of the air ; they unite, a flame is produced, 
and sufficient heat is evolved to ignite the hydro-carbon which has been 
set free from the wood through the agency of the heat produced by the 
combustion of the phosphorus and the sulphur. The oxygen now seizes 
first on the hydrogen of the hydro-carbon, heat is sent out and water is 
produced. The atoms of carbon have now become heated to a white 
heat. They now unite with the atoms of the oxygen, evolving heat and 
forming carbonic acid. We now apply this burning match to the fuel, 
which must be a substance which contains volatile hydro-carbons, as the 
heat from the match would not be sufficient to ignite carbon. 

It must also be in a state of fine division, because large surfaces would 
conduct away the heat of the buining match, so that no point would l)e 
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sufficiently heated to l)ecorae ignited, but if the pieces are small, some 
sharp edge or point will readily take fire ; the heat from these is com- 
municated to other portions of the fuel, and if there is a due supply of 
air, the whole mass will in a short time commence to bum. To make 
a fire, then, we first ignite the match by friction. The phosphorus com- 
bines with the oxygen ; heat is evolved through this combination, and 
phosphoric acid is produced ; the sulphur unites with the oxygen, heat 
is evolved, and sulphurous acid is produced ; carburetted hydrogen is 
driven ofif from the wood of the match ; the hydrogen combines with the 
oxygen, heat is evolved, and water is produced; the carbon from the wood 
of the match unites with the oxygen, heat is evolved, and carbonic acid is 
produced ; carburetted hydrogen is formed from the fuel ; the hydrogen 
combines with the oxygen, heat is developed, and water is produced. 
The carbonaceous jwrtion of the hydro<*arl)on unites with the oxygen, heat 
18 evolved, and carlxmic acid is pnMluced. When all the volatile h3*dro-car- 
bons have been consumed, no flame will be seen, but the carbon is in a state 
of incandescence and continues to bum until the whole is consumed. 

Quantity of Heat. The quantity of heat evolved depends upon the 
numl)er of atoms of oxygen brought into action ; therefore, that substance 
which enters into combination with the largest volume of oxygen will 
evolve the most heat. 

Thus every ounce of hydrogen in burning combines with eight ounces 
of oxygen, while an ounce of carbon will al)sorb only two and two-thirds 
ounces of oxygen ; consequently, the heating power of hydrogen is to 
carbon as tlu-ee to one. The calorific })ower actually obtained by exper- 
iment does not quite agree with the foregoing statement, but the 
apparent discrepancy may arise fmm the difficulty of rendering available 
all the heat developed by chemical combination. 

The quantity of water raised one degree by the combustion of 
a given quantity of these substances indicates only an approxima- 
tion to their real heat-producing powers, as it is somewhat difficult, 
in performing the experiment, to exclude all disturbing influences. The 
results obtained are always under the true value, in consequence of the 
losses which are sustained. By glancing at table 3, page 3G, it will he 
seen that the heat evolved by the combustion of hydrogen is more than 
four times that of an equal weight of carbon. These results nearly 
agree with those obtiiined by the researches of Favre and Silbermann. 

Others assign a greater heating jwwer to carl)on, even as high as 
21,603, because they claim that nearly one fourth of the heat evolved is 
rendered latent on effecting the giisification of the carbon. If this last 
view of the case he correct, the total calorific power of carbon is to that 
of hydrogen as the quantities of oxygen with which they respectively 
enter into combination. > 
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Temperature Required for Ignition. A verj^ mterestiiig peculiar- 
ity of oriUnarj- combustion m the fact tliat ita beginning requires ii htt/h 
tempt^rature. We eoii.sider coal, wood, oil, sulphur, and ^(unpowder 
very combustible ; but thei-e is no combustion, although oxygen is pi-ea* 
ent, until they nre set on fire and heated or ignited ; that is, until some 
portion is heated to a high teinpenLtiU'e. Oxygen is ^*ery tUfferent from 
other supportei's of combustion in thin resi)ect, (or with them conibiu^ 
tion begins at ordinaiy tem^teratureK, If chlorine were suddeidy jmt in 
the air in place of oxygen, or if the oxygen should itssume its active 
form known as ozone, everything combustible njtoii the eaith would 
take fii^ and l:»e consumed with fervent heat in a few houis* 

The t^mi^eniture of ignition vaiiey greatly for the different combua- 
fcibles* Phosphorus, sulphur, and sodium t4ike fire below a red heat; 
wliile the ignition point with others is so high that we nirely have any 
opiwrtunity to see them burn, Tlie combustible nature of iron, coptjer, 
lead, gold, and silver was not even susjieeted until a recent period. 
We know now that they hum more readily and fiercely than any common 
fire, when they are once kindled. If we wanted to make the most 
gorgeous pyrotechnic display possible, it would 1m3 done by making a 
bontire of a few tons of iron in an atmosphere of oxygen* The ignition 
temi>eratures have been determine*! for oidy a very few substances. 
Phosphoi-us ignites at 150°; sulplnir at 480'' j hydmgen begins to bum 
at 300'' ; carbon requires 800° or 1,000^ ■ curburetted hytlrogen, tOOO^ 



ASCJXTTICAL. TiBLE E?ttnilITlKO THE CALORIFIC POWEIl OF ftO^fe OF THE ElEMESTTB 

AND CoMrarxDs which exteh into Chemical Union with Oxygen, 

A14- OF WHICH AHE EsiPLOVEH IN THE COHUUSTIOH OF FtEL. 

No, i>f Part* of Water 
NAMES OF TilE ELEMENTS AND COMFOCKPS, eJmb^tloif ;>f ? 1^ 

of tbc Substances. 

Hydrogen in corabininjr with oxygen to form water <US32 

CarlK>n in combining with oKy;;cii to form carbonic acid * 14432 

Carbon in combining wi lb oxygen to form carbonic oxide 4530 

Carbonic oxidfin combining wiUi oxygen to form carbonic acid . . i^SKlS 
Bi-carbu netted hydrogen in com bininj^ with oxygen to form water and 

carbonic ai'itl . * . I'ltl^i2 

Carburetted liydrogen in combining with oxygen to form water and 

carbunicacld . , , 2T032 

For full table «ee |iAge 36. 
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RECAPITULATION. 

Combustion is a form of chemical union which is attended by the 
disengagement of heat and light. 

In ciises of ordinary combustion the action takes place between the 
oxygen of the air and the elements of certain organic bodies, as wood, 
coal, etc. 

Combustion requires that there should be at least two substances. 

The substances must have an affinity for each other. 

They n!ust be in close proximity to each other. 

One or both must be at a high temj)erature. 

When hydrogen enters into chemical combination with oxygen, 
water is pro<luced. 

When carbon unites with the largest measure of oxygen, carbonic 
acid is produced. 

When the compounds of carbon and hydrogen burn, the hydrogen 
and oxygen first unite to form water, then the carbon and the oxygen 
to form carlKinic acid. 

Tlie weight of the products of combustion is always equal to the 
weight of the combustibles, plus the weight of the oxygen absorbed. 

The quantity of heat evolved is in proj>ortion to* the quantity of 
oxygen which enters into chemical union. 

Perfect combustion occurs when every atom of the combustible 
enters into chemical union with its equivalent of oxygen. 

The products of i)erfect combustion are water in the form of an 
invisible vapor and carbonic acid. 

The products of imperfect combustion are: Water, carbonic acid, 
smoke, carbonic oxide, and other combustible gases. 

All the products of the i)erfect combustion of fuel are invisible. 

All the products of imperfect combustion are invisible, with the 
exception of true smoke ; that is. of minute particles of pure carbon. 

The temperature of ignition varies greatly for different substances. 
Iron, copper, lead, gold, and silver are combustible, and will bum. The 
ignition temperatures have been determined for many of the substances. 
See full table. No. 4, of the ujnition^ melting^ hoiling^ enid freezing points* 
also color due to heat. 
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^ET us commence at the beginning and inquire into the nature of 
the process to which our materials are submitted, and under- 
stand their respective wants and conditions during that process. 
Then, and not until then, shall we be qualified to determine 
form, dimensions, and peculiar structure of the apparatus best 
adapted to the operation. 

Nature of the Process. We are to bring about chemical action 
between oxygen and the several elements of compound bodies derived 
from the different varieties of fuel. 

The oxygen is derived from the atmosphere. Our object is to obtain 
the maximum amount of available heat from a given quantity of fuel. 
This requires perfect combustion. 

Perfect combustion can only be secured when every atom of combustible 
matter finds its equivalent of oxygen and enters into chemical union with it. 
The furnace should be constructed toith reference to the conditions required 
for securing this result. 

The elements which are to combine with the oxygen are carbon and 
hydrogen, or compounds of these. 

As bituminous coal presents a greater number of impediments to 
perfect combustion than any other variety of fuel, we have selected it 
for examination, and shall attempt to point out the conditions required 
for its complete consumption. 

It is not necessary to enter into detail respecting the vjirious com- 
pounds which are formed in different proportions during the combustion 
of coal, or their effects upon the process. It is sufficient for our purpose 
to know that all these compounds, except those formed of carbon and 
of hydrogen, are injui-ious to combustion. 

Carbon and hyili'ogun unite in smenil [)ir»|M)rHoiis, and form many 
curious and important compinuid?^^ ttUiniiLr wUteh it is difficult to 
(Ustinguii^h those which ouglit to bo ctiu MilmtiTict and definite 

combinations from otheiis which m measures of the 
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These coiiipouiuLs are generally called hydrocarbons, and amongst 
them are some striking illustnitions of one s})ecies of isomerism; that is, 
of comiX)unds often differing essentially in their physical or chemical 
proi)erties, or lx)th, and yet apjwirently produced by the union of the 
same elements and l>earing the same relation to each other. 

How Bituminous Coal Burns. In the natural state of bituminous 
coal, the bitumen and cart)on are united and solid. 

If we take a piece of charcoal and immerse it in boiling pitch or rosin 
until its pores are filled with these substances, we should have a 
material resembling bituminous coal. 

On entering into combinaticm the rosin would be separated from the 
charcoal before the fonner could l)e converted into flame or the latter 
ignited, nor would the charcoal burn until the resinous matter had been 
consumed. The wick of a lamp does not bum while there is a supply 
of oil. 

Alcohol may be burned on a piece of paj^er, but the paper will not be 
consumed nor acted upon in the lesist while there is a supply of alcohol; 
but after the alcohol has been consumed the paper will take fire. This 
is the case with bituminous coal. It is not a homogeneous mass which 
is to enter into combustion, and the conditions and wants of each part 
are essentially different. This is a primaiy distinction which demands 
special attention, for to the neglect of this may be attributed many of 
the erroneous i)ractices into which so many have fallen in the construc- 
tion and management of furnaces. 

Important Facts. In entering upon an investigation of this subject, 
the reader should keep distinctly in view the following facts: 1st. 
Bituminous coal consists of carlx)n and bitumen. Bitumen is composed 
essentially of carlM)n and hydrogen. 2d. Coal cannot l)e ignited wliile 
in a state of solid roal ; that is, while these two jmrts are united. The 
bituminous jiortion, like oil or tallow, will burn only as it is converted 
into the //<ix*<>^<« ¥itate. The fonner burns with flame, the latter not. 

Destructive Distillation. Hence combustion in the furnace consists 
of two distinct jmu'i'sscs : — 

1st. The dea^trurtlve ih'xfillation of the fuel, 

2d. The ('he HI teal union of the different 2^f'oduct8 of the distillation teith 
the oxf/(/en of the air. 

When wood is heated in a closed vessel, or with only a limited supply 
of air, the organic structure of the wood is destroyed, and a large 
number of volatile compounds are driven off. This pmcess is called 
the destructive distillation of the wood. 

The number and character of these compounds deijeud on the ikicure 
of the wood and the degree of heat to which it is subjected. 
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Change Previous to Combustion, The bitumen of the coal» 
on account of the larga amount of hyrlrogen which it contains, 
abnorbs ht?at very raplflly, and tlic uoal ia changed into a vistHnm 
Bemi-fluid or pitchy 8titt*?, and hj a greater increiu^e of t]ie heat to 
tlic giiaeoua state. Now, all this huge quantity of heat wliic^li h 
absorbed V>ecnmes hitent in the giis, and is wholly unavi\[hib]e uiilil 
the gas entei'a into clieraical union with the oxygen, and is consumed. 
See page 18* 

If we watch caii; fully tWia process of gtisiiication, we shall observe 
that, as long as any of tlie volatile gases remain to be evolved, the 
solid jxtilion i-emains until the former lias been consumed or i-emoved. 
Tlie whole process is well illiistttited in our gas-making establishments^ 
where are exhibited the relative projx»rtions of these two distinct jHirts 
of at least one variety of fuel, vi/. bituminous etjal, and where is also 
shown that an enormtjus quantity of lient is required to effect this 
change, as two thirds of the whole solid jjortion or coke is used in 
producing the separation of these hydmearbc^Jiw, 

Just the same expenditure of heat must tiike place when we effect a 
separation t and exjiel the volatile portion from coal in a furnace. 
Tliei-e is, however, the difference in a rektrt^ — no loss of heat is sus- 
tained, because the giis^ on lieing lilxM-ated, is collected and stored in 
the gasometer for Huljsequent use ; but no ari^ngi^nent ha.s lieen made 
for retaining it in the furnace; consequently much heat is kx^t» 

Thus, after the volatile portion of the coal has al:^orbed so much heat 
aa to reduce the tempemture of the ijjterior of the tire chamber below 
the point of ignition, the volatile or gaseous j>ortion, which h^ set free, 
M bet lie r in a retort i>r a furnace, is ulways associated with several other 
snljstanccs, tending more or less to diniinish its heat and light giving 
proi>erties. In giLs-miiking estal>lishnients these impurities are removed 
by a process called pnrilication ; but in a furniu-e this purification 
cannot l)e obtained, and hence the entire giiscous products of the coal, 
good and Ixut, are imliscriminately. mixed and consumed, or carrit'd 
away to the cliinmey as they are generated* 

This inqtortant feature seems to liave l>een overlooked in tlie ctm- 
struction of furnaces. It has I>een a current opinion that anthracite 
coal, which contains a smaller portion of this volatile matter, jiossesses 
greater heating propcities thiin other vaneties ; yet nunieroiLH experi- 
ments show that more heat can lj»e evolved from the combustion of a 
given nuraljer of pounds of bituminous coal tbaji from the same number 
of anthracite coal, providi^d w tome tlie physical and chemical 

inii>etbments to perfect vgyili i ' are inhei-ent in the bitumin- 

ous, hut do not exu*t iti 8fl ^ 
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In some localities where only bituminous coal can be obtained, the 
coke alone is used for locomotive purposes. 

On account of the practical difficulties in rendering the heating 
powers of the volatile portions available, the coal is placed in ovens, 
and the entire gaseous portion is expelled at the ex|)ense of an enor- 
mous waste of fuel, to say nothing of the cost of the oi)eration itself. 

This is destructive distillation without atmospheric contact. When air 
is present, as is the case in a furnace, tlie seixiration of the gaseous and 
carbonaceous pirts takes place in the same manner ; and these volatile 
hydrocarlx)ns will l)e consumed, or pass off unconsumed, according to 
the way in wliicli the oxygen is sup})lied. The character of the two 
parts and their manner of entering into combustion is essentially 
different. 

Tlie general impression is that coal entere into combustion at once on 
the application of heat, and during the process it evolves tlie gaseous 
matter which it contiiins. This view, however, is not correct, and fails 
to comprehend a very iini)ort4int featuie of the consumption of fuel; 
viz. the order in which the solid and gaseous portions enter into com- 
bination with oxygen. 

When fresh coal is thrown uiK)n a fire, the general temperature is 
lowered and not raised, as would be the case if this additional mass 
of fuel were brought immediately into activity. 

A large portion of heat is firat absorbed in producing the expansion 
and volatilization of the coal, and it has been ascertained that the 
absorption of heat will be in an exact ratio to the quantity of gases 
generated. This process of generating the gases, called volatilization, 
is one of the most cooling in all nature, because a large quantity of 
heat is converted directly from the sensible to the latent state. 

There is great danger of underrating the quantity of heat absorbed 
and rendered latent by the expansion and volatilization of the bitumen 
of the coal. Evaporation and gjisification are the most effective means 
of producing an extremely low tempemture. A little ether placed 
upon the hand evaporates rai)idly, and absorbs so much heat that a 
sensation of cohl is felt. CarlK)nic acid gas l)ecomes a liquid under 
a certain pressure. If the pressure l)e removed, it returns to the form 
of a gas with such rapidity that, if mercury Ije brought in contact with 
it, it is frozen, and may Ije hammered like a piece of lead. In this way 
^^ water may be frozen on a red-hot crucible. 
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Cause of Smoke in the Lamp and Furnace Identical. There is 
a deficiency in the supply of pure air at the time, at the place, or in the 
manner, that will enable the elements of the hydrocarbons to enter into 
chemical union with oxygen. If the arrangements of our lamps could 
be so changed as to prevent these evils, it remains to be proved why our 
furnaces may not. 

Dr. Franklin proved that two small wicks placed in two candles, and 
burnt side by side, will give more light than if they were (combined in 
one candle. Very large wicks convert the oil of a lamp into gas faster 
than the air can consume it. 

Camphene and kerosene are superior illuminating substances, but 
they cannot be burned in the ordinary way, because they contain so 
large a proportion of carbon that they smoke excessively. This is the 
case with the furnace ; a proper supply of air cannot mingle with the 
inflammable gases before they have passed into a region where the 
temperature is too low for their chemical union with oxygen. 

Argand's Invention. Ami Argand, of Geneva, conceived a plan by 
which this evil may be remedied, so far as lamj^s are concerned. He 
made the wick hollow, so as to burn in a ring or circle, and thus 
admitted a current of pure air to the centre of the flame, whereby this 
dark central cone of unburned gases is avoided and the area of contact 
of the air nearly doubled. 

Petroleum and other oils, which in an oil lamp produce a long conical 
flame, of a dull murky red color, burn in this lanip with a short white 
and intensely brilliant flame. Cut off the supply of air from the 
interior, and, notwithstanding the free supply of air on the exterior, the 
flame becomes instantly dull, red, and smoky, with little heating or 
illuminating qualities. 

Now, the cause of this imperfect combustion is not a lack of air, but 
the slow rate of mixture occasioned by the want of an adequate amount 
of contact surface between the inflammable gas and the oxygen. By 
preventing the admission of air to the centre of the lamp, the gases 
generated from the inside of the wick are decomposed by the white-hot 
flame that surrounds them, but no air reaches them there ; they ascend 
rapidly, and, before they can become mingled with a sufficient quantity, 
they are reduced to a temperature too low for chemical action, and 
hence pass away unconsumed — the hydrogen as an invisible gas and 
the carbon in a state of minute solid paiticles or true smoke. When 
the air is admitted to the inside, the accessible contact surface for the 
clashing of atoms is nearly doubled, and the long smoky flame instan- 
taneously becomes short, white, and highly luminous, with a great 
increase of heat for the same expenditure of oil. Tlie most powerful 
lamp furnace in use for the laboratory is constructed upon this principle. ^ . 

A i 



Digitized by 



L.oogle 



1 54 

( ^ Heat: Its Science, Production, and Application. 



If* 



RECAPITULATION. 

Bituminous coal consists of two distinct parts — the bitumen, or 
volatile portion, and the carbonaceous or solid portion. 

The former will enter into union with oxygen only in the aenform 
state, the latter only in the solid sUite. 

Neither are cajmble of being ignited when combined. 

A fresh charge of coal, on being thrown into the furnace, absorbs a 
large amount of heat, which has been derived from the combustion of 
some previous charge. 

This heat ex[)and8 the bitumen, and changes it from a solid to a 
viscous semi-fluid, resembling pitch or tar. 

By further absorption of heat, this viscous mass is expanded into an 
enormous volume of gas, consisting mainly of carburetted hydrogen. 

As ice will absorb a large amount of heat until converted into water, 
and water continue to take up heat until converted into steam, so the 
bitimien in coal will continue to alworb heat until changed from a sohd 
to a semi-fluid, and from a semi-fluid to a gaseous state. 

The carbonaceous portion remains unconsumed until the volatile part 
has been expelled. The order of these distinct processes is as follows: — 

Ist. The eximnsion and fusion of the bitumen. 

2d. The generation of an immense volume of gas. 

3d. The absori)ti()n of a large quantity of heat during these changes. 

4th. The combustion of the gaseous portion. 

6th. The combustion of the carbonaceous portion. 

The cause of smoke in the furnace and lamp is identical ; there is a 
deficiency in the imp ply of pure air. 

If the arrangements of our lamj)s could be so changed as to prevent 
these evils, it is a clear inference that our furnaces may also be made 
smokeless and economical. 

For both lami)s and furnaces there must not only be a sufiieient 
supply of air, but there must l)e a due mixture of the air and the gases 
at the time, at the place, and in the manner that will insure chemical 
miion. 
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fROPORTION OF EACH CONSTITUENT. The volatile 
products evolved from coal by heat are hydrogen, carburet ted 
hydrogen, bi-cai'buretted hydrogen, carbonic acid, a small jwr- 
centage of nitrogen, ammonia, and other substances. 

The exact proportions of each of these depend on the variety of coal, 
and also on the intensity of the heat applied. Frequently the propor- 
tion of carburetted hydrogen is as great as 83 per cent of tlie whole ; 
and at a very high degree of heat, and during the latter stage of the 
process, the proportion of hydrogen is increased, in some instances to 20 
per cent, though the percentage is generally much less, while the 
amount of bi-carburetted hydrogen seldom exceeds 10 per cent. 

We see, then, that the main bulk of coal gas is carburetted hydrogen ; 
for the only difference between carburetted and bi-carburetted liydrogen 
is in the proportion of hydrogen which they contain, ivs carburetted 
hydrogen is composed of two equivalents of hydrogen and one of carbon^ 
and bi-carburetted hydrogen of two equivalents of hydrogen and two of 
carbon, while there is generally a sufficient amount of pure hydrogc^i 
produced to convert the bi-carburetted into carburetted hydrogen if 
united with it; and it makes no difference for puriKwes of conibuntion 
whether this hydrogen be in a stiite of chemical union or not, as the two 
elements are separated in burning. We are therefore warranted in the 
conclusion that the principal part of the volatile constitucintK of (;oal, 
amounting to 80 or 90 per cent (excluding impurities;, in mrhuretted 
hydrogen. 

Quantity of Gas Obtained from a Ton of Coal. From inforrn^i^ 
tion gathered at our gas-making establishments, we finri that no )« ---.h 
than ten thousand cubic feet of gas are obUiined frr;rn on<r Utu of 
bituminous coal. We must Ixjar in mind tliat this crial ^taa i>* t Im' nairMj, 
whether generated in the ret<jrt or the gJiH-hr;ij>*¥; or tli<5 futmuM^ 
excepting that the impurities are remove^l previouii Uf i'hut\fii'^^\nu iti 
the former case and not in the latter. 
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When we remember that this ten thousand feet of gas, if brought in 
contact with the air through a well-adjusted argand or other burner, is 
capable of producing an immense heating and illuminating effect, and 
that the coke, which remains after the volatile matter has been expelled, 
will bum without smoke, and produce an intense heat; and when 
we see these two valuable constituents, united in the form of coal, 
thrown into a furnace, and so imperfectly burned that the smoke escap- 
ing from tlie chimney becomes a positive nuisance, so that in many 
cases the whole of the ten thoiisand feet of gas are expelled, and only 
the remaining coke is made use of, we can but conclude that there is 
something radically wrong in the construction of our furnaces. 

That this is the case will become evident as we proceed with our 
investigations ; and our object will be to show how the volatile portion 
of the coal may be burned as completely in the fire chamber of a steam 
boiler as in the jet from a gas-pii>e. 

What is it that is required to consume and render available for 
purposes of heat this huge volume of gaseous matter ? Simply to meet 
those conditions wliich are required to cause everj- atom of carbon and 
hydrogen contained in it to find and enter mto chemical union with 
their respective equivalents of oxygen. 

These conditions may l)e briefly stated as follows : — 

1st. That there must l>e a due supply of oxygen^ as determined by 
the laws of chemical combination. 

2d. Tliat there must be admitted a sufficient quantity of atmospheric 
air to supply this oxygen. 

3d. That this air must be pure. It must not be deteriorated by 
being deprived of a part of its oxygen, nor contaminated by the pro- 
ducts of some previous combustion. 

4th. That this air must be admitted at the time^ at the place^ and in 
the manner which will bring the atoms of hydrogen and oxygen and of 
carbon and oxygen within the sphere of chemical attraction. 

5th. That due regard must be had for the temperature required to 
produce chemical action between the hydrogen and the oxygen and the 
carbon and the oxygen. See also page 32. 

The Quantity of Air Required. The first step towards effecting 
the complete combustion of coal gas is to ascertain the quantity of 
oxygen with which its elements will enter into chemical union. This 
(question cannot be decided by the dictum of any chemist, or by the 
ingenious contrivances of any mechanical engineer ; for " it was fore- 
ordained and predestinated from the foundation of the world " that 
these elements should enter into chemical union only in fixed and 
definite proportions. This branch of our subject is not then made up of 
a " complicated tissue of uncertainties," but, independent of all specula- 
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tion, is reduced to a matter of unerring calculation. As it has been 
stated, carburetted hydrogen is a compound gas, consisting of two 
equivalents of hydrogen and one of carl)on. 

The weight of an atom of hydrogen is one, that of carbon six ; but the 
volume, or bulk, of an atom of hydrogen is double that of an atom of 
carbon; and these, when in a state of chemical union, are condensed into 
two fifths of their previous bulk, or into the bulk of a single atom of 
hydrogen. See page 32, jmr. 8. 

/ 1 atom of Hydrogen, weight 1. 
1 atom of Carburetted Hydrogen, weight 8, consists of \ 1 atom of Carbon, weight 6. 

( 1 atom of Hydrogen, weight 1. 

Now it has been shown that this comjx^und gas, on entering into com- 
bination, becomes decomi)Osed, and that its constituent elements unite 
with oxygen by different processes. It is, therefore, imjx)rtant that 
Ave examine their respective weight, volumes, and other properties. 

ist. The Volume of the Oxygen Required for the Combustion 
of the Hydrogen of a Given Volume of Carburetted Hydrogen. 
One atom or equivalent of hydrogen requires one atom or equivalent of 
oxygen, but there are two atoms of hydi-ogen in every atom of 
carburetted hydrogen ; therefore, for the combustion of the hydrogen of 
eveiy atom of earbui'etted hydrogen, two atoms of oxygen are required. 

But since the hulk of an atom of hydrogen is just double that of an 
atom of oxygen, for the combustion of the hydrogen of a given volume 
of carburetted hydrogen it requires a volume of oxygen equal to exactly 
one half that of the hydrogen. If, for example, we have one cubic foot 
of carburetted hydrngen, we shall obtain, after decomposition, two cubic 
feet of hydrogen, the combustion of which wall require one cubic foot of 
oxygen; and the oxygen and hydrogen, after their chemical union, will 
be condensed into two cubic feet of steam. See diagram 4, page 79. 

ad. The Volume of Oxygen Required for the Combustion of the 
Carbon of a Given Volume of Carburetted Hydrogen. One atom 
of carburetted hydrogen contains one atom of carbon. When we 
burned carbon in the jar of oxygen, carbonic acid was produced. Tliis 
consists of two atoms of oxygen for every atom of carbon, and these 
tliree atoms are condensed, after chemical union, into two thirds theii* 
original bulk, as follows : — See diagrain 2, page 74, 

/ 1 atom of Oxygen, weight 8. 

1 atom of Carbonic Acid, weight 22, consists of ] 1 atom of ('arbon, weight 0. 

i 1 atom of Oxygen, weight 8. 

Then for the combustion of the atom of carbon contained in an atom 
of carburetted hydrogen, it requires two atoms of oxygen, or a volume 
^ of oxygen double that of the carbon. See diagram 5, page 81. ^ . 
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Since the bulk of an atom of oxygen is only one half that of the 
hydrogen, the volume of these two atoms is exactly equal to that of one 
atom of hydrogen, or one half the volume of the hydrogen in an atom of 
carburetted hydrogen ; it therefore requires the same volume of oxygen 
for the carbon as for the hydrogen of the carburetted hydrogen, hence 
for both, double the volume ; or for every foot of coal gas, two feet of 
oxygen. Therefore, for the complete combustion of the ten thousand 
feet of this gas, obtained from a ton of coal, twenty thousand feet of 
oxygen must be provided. The number of atoms employed in the 
combustion of one atom of coal gas, and their relative volumes and 
weights may be shown in a condensed form, thus : — 

THE VOLATILE CONSTITUENTS OF COAL. 

FIRST CONSnTUENT OF CABBUBETTBD HYDBOOKN. 

Hydrogen. Oxygen. 
Vol Atom. Weight. Vol. Atom. Weight Vol Atom. Weight 
2 2 2 unite with 1 2 16 forming steam 2 2 18 

SECOND COjrSTITUENT OF CABBUBETTBD HYDBOOEN. 

Carbon. Oxygen. 
Vot Atom. Weight Vol. Atom. Weight Vol Atom. Weight 
}i 1 6 unite with 1 2 16 forming carbonic acid 1 1 22 

The Quantity of Air Required to Supply the Necessary Volume 
of Oxygen. Atmospheric air is composed of one atom of oxygen for 
every two atoms of nitrogen, but the bulk of an atom of nitrogen is 
double that of oxygen ; therefore, the volume of the nitrogen in the air 
is four times that of the oxygen, as follows : — 

1 atom of Nitrogen, 
weight 14. 

1 atom of Oxygen, 
weight 8. 

1 atom of Nitrogen, 
weight 14. 



1 atom of Atmospbenc Air, weight 36, a mechanical mixture of 



Hence, to obtain one cubic foot of oxygen for purposes of combustion, 
we are obliged to make use of five feet of atmospheric air. Then, to 
obtain the twenty thousand cubic feet of oxygen, necessary for the 
complete combustion of a ton of coal, requires five times twenty 
thousand, or ane hundred thoumnd feet of air. It must not be supposed 
that ten thousand cubic feet is the exact amount of gas given off from 
one ton of coal during combustion. Besides, tliis contains a percentage 
of bi-carburetted hydrogen and carbonic oxide, which somewhat varies 
the amount of the air required; yet this is sufficiently accurate for 
purposes of illustration. It has then been shown beyond doubt or 
contradiction : — 
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1st. That every volume of carburetted hydrogen requires for its 
complete combustion two volumes of oxygen. 

2d. That it requires five volumes of air to furnish one volume of 
oxygen ; hence ten volumes of air for the combustion of one volume of 
carburetted hydrogen. 

8d. Not less than ten volumes of air will satisfy the conditions of 
perfect combustion. 

If an excess, of air be admitted, it passes through the furnace uncom- 
bined, absorbing and carrying with it a quantity of heat. 

If leM is provided, it is evident that a portion of the carburetted 
hydrogen must pass off unconsumed. See diagram 2, pages 74 and 75. 

Structure of Flame. That currents of inflammable gases do not 
mingle rapidly with air may be shown by a variety of experiments. 

The common lamp or candle furnishes illustration of the reluctance 
which air exhibits in mingling with inflammable vapOrs. 

Dr. Reid tells us that the flame of a candle is produced by gas formed 
around the wick acting on the oxygen of the air, the flame being con- 
fined to the exterior portion of the ascending gas. All without is merely 
heated air and products of combustion ; aU within is unconsumed gas, 
waiting its turn to mingle with the oxygen of the atmosphere. 

We might also quote Sir Humphrey Davy, Professor Daniels, Dr. 
Thompson, Faraday, and Tyndall, in corroboration of the main facts 
here stated. 

1st. That the dark cone observable in the centre of the flame is a 
body of highly heated inflammable gas ; that it is ready for combustion, 
and is only waiting its turn to become commingled with the oxygen of 
the air. 

2d. That the portion of gas which becomes sufficiently mingled with 
oxygen is confined to a very thin shell surrounding the central cone ; 
and that surrounding this is a faintly luminous envelope which contains 
the products of combustion. 

8d. That the inflammable gas at the centre cannot bum, because little 
or no air reaches it, and the air which does penetrate so far, has given 
up its oxygen in passing through the thin shell where combustion is 
going on. 

4th. If so small a volume of gas obtained from the wick of a candle, 
which has free access to the air on all sides, finds difficulty in coming 
in contact with an adequate supply of oxygen, how can we expect the 
enormous bulk of the gas generated in a furnace to effect the required 
mixture when the supply of air is restricted to one side, and the whole 
imder the opposing influence of a strong upward current? 
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RECAPITULATION. 

The main bulk of the volatile constituents of coal is carburetted hydro- 
gen. Nearly ten thousand feet are produced from every ton of bitiunin- 
ous coal. This coal possesses great heating and illuminating properties. 

The coke burns without smoke, and evolves an intense heat. 

The perfect combustion of the two constituents of coal requires : — 

1st. A supply of pure air sufficient to furnish the adequate volume of 
oxygen. 

2d. This air must be admitted at the time^ at the place^ and in the 
manner which will bring the atoms of oxygen and hydrogen and of 
carbon and oxygen within the sphere of chemical attraction. 

8d. Due regard must be liad for the temperature required to induce 
chemical action between the " combustible " and the " supporter,''' 

For the complete combustion of the volatile constituents of a ton of 
coal one hundred thousand cubic feet of pure air is required. 

Too limited a supply of air occasions a loss of combustible gases, or their 
hydrogen enters into union with oxygen, and the carbon escapes as smoke. 

An excess of air robs the fire chamber of heat^ and prevents complete 
combustion, by reducing the temperature below the point at which 
rapid chemical action is j)os8ible. 



ANTHRACITE COAL. 



OAS COKE. 








These cuts show the form and structure of hard coal and that of 
coke after tlie gas has been driven off (in ovens) or in the furnace of the 
steam boiler, where the gas and coke are burned together under the 
conditions so fully explained in the foregoing pages. 

For full table of analysis and value of coal, coke, and other fuek, 
see page 28. 
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fHE COKE. Having shown the quantity of air required for the 
combustion of the vohitile portion of the fuel, we will now 
I consider the subject with reference to the solid carbon which 
remains after the gaseous portion has been consumed, or, as is 
too often the case, carried away unconsumed. The solid part which 
remains does not differ essentially from the coke which comes from the 
retorts of the gas-making establishments. This is chiefly carbon, but 
not pure carbon, as there is always a percentage of earthy matter left 
after combustion. Carbon is the only heatrgiving element contained in 
the mass. Carbon unites with oxygen in different proportions, giving 
rise to three distinct compounds. 

These are carbonic acid, carbonic oxide, and oxalic acid. Only the 
first and second are formed during the combustion of coal. We have 
already referred to the first. It is composed of two equivalents of 
oxygen and one of carbon. 

It is a colorless, odorless gas, neither a combustible nor a supporter 
of combustion. It will extinguish the flame of burning bodies, even 
when mingled with four volumes of air. This property of carbonic acid 
has rendered it serviceable in extinguishing fires in coal mines. In one 
of these mines in England a fire which had continued for thirty years 
was extinguished by the use of this gas. The carbonic acid was gener- 
ated by passing a current of air through a furnace of coal, and blown 
into the mine until all the passages were filled with it, and further 
combustion prevented. The weight of carbonic acid is a little more 
than one and a half times that of air (air 1, carbonic acid 1.529). 

Quantity of Oxygen Required. From the unchangeable law of 
chemical combination it follows that the production of carbonic acid 
from the solid carbon will necessarily be the same as in the case of the 
carbon found in the carburetted hydrogen. 

Every atom of carbon requires two atoms of oxygen for the format 
tion of carbonic acid. If the weight of an atom of carbon be six, that o? 
each atom of oxygen will be eight. 
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Therefore, for the combostioo of six pouaidt of carbon, sixteen poonds 
of oxygen will be required. 

Assuming that the coke has 80 per cent of the weight in a ton 
of coaL we shall have sixteen hundred poonds of ooke. As it requires 
sixteen pounds of o::^Tgt'n for the comliostion of six poonds of carbcHi, 
for sixteen hundred finund*^ of carimn it will require fortr-two hundred 
sLxtT-fiix and two thirds of oivgen. Xow, one pound of oxygen at a 
temperature of 0<f- ontains m^ariy eleven and ooe^ourth cubic feet, 
and forty-two hundivd sixty-edx and two-thirds pounds will contain 
forty-eight thousand cubic fet-t. But since the oxygen of the air is 
diluted with four times its hulk of nitn»gen, it will require five times 
forty-eight thousands or fur** AwM'/ro/ and fori ni thmtiamd^ cubic feet <if 
atmospheric air fur the c»>mjt!trte combustion of the sixteen hundred 
pounds of coke. It has already been shown that it requires <me 
hundred tkouMnd ruffi^ ft^t of air for the combustion of the gases 
generated prerioms to the c»mhu$ti*jn <»f tkc nJid mom. Adding this 
to the two hundred and forty thousand cubic feet needed for the coke, 
we liave an aggregate volume of tirec kumdrcd and forty tkaummd 
cubic feet of atmoetpheric air required for the combustion of a ton of 
bituminous c<ial. This H\*uhi fmake a c^umm of air more than Mtrty mUeM 
in length and afoot square. This estimate is by far too low for practiciJ 
application. For it will be noticed that this is the minimmm quantity 
which will effect complete combustion, indefiendent of any excess of air 
which may enter through the furnace. This estimate is also made (m 
the supposition that the temj^erature of the air is 60° ; but, on passing 
between the heated bars of the grate, and among the incandescent coal, 
it becomes heated, and its volume greatly expanded. If a larger 
proportion of air than combustion requires be forced through the 
furnace, the excess of air, passing through the fire, hinders combustion 
by carrj-ing away heat, and by cooling the ignited surface of the carbon. 
It thus attracts the oxygen less strongly, and in consequence the fire 
languishes or deadens, as we say. If the furnace be supplied with less 
than the required volume of air, jKirticles of carbon fly away as soot and 
smoke. We might supiMJse that thLs would he the only loss sustained. 
This would be true if carbt^nie acid were the only compound formed by 
the union of carl>on and hydn>fren. There is. however, another and most 
imix>rtant state in which carl»on combines with oxygen and 
Tins Ls a comiKmiul know^l as carlKmie oxide. 

It has been shown tliat the quantity of heat obtained from 
quantity of fuel will be in pro]Hirtion to the amount of o: 
which it can be made to unite. Since earl>on imites with or 
the amount of oxygen in the formation of rurlionic oxide t^ 
the formation of carbonic acid, it follows that onlv hal/ 
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will be evolved in the formation of the former as the latter. In other 
words, carbonic oxide is carbon half consumed. It is therefore a com- 
bustible gas, and, unless some means are devised for effecting its 
combustion, a very serious loss will be sustained. 

How Carbonic Oxide Burns. The combustion of this gas is just 
as distinct a process as that of carburetted hydrogen, and it demands 
all the preparatory conditions ; viz. a definite supply of air, mixture 
previous to combustion, and a high temperature. In stoves where all 
the air is admitted through the gyrate, and forced to pass over the 
burning fuel, carbonic oxide is always generated in greater or less 
quantities. As it rises to the surface, it usually comes in contact with 
small quantities of air entering through the cracks about the door or 
other small openings. See diagram 3, page 77. 

The gas here ignites and bums with a flickering, pale blue flame. 
This phenomena may always be seen in an anthracite or charcoal fire 
just after fresh coal has been added. 

If this gas find a supply of air at the top, it is all consumed ; that is, 
combines with another volume of oxygen and is converted into carbonic 
acid. In this case no loss of heat is sustained. If one half or one 
fourth of the required quantity of air is present, only one half or one 
fourth is consumed. If the carbonic acid find no air in the surface, it 
escapes unconsumed - yet, since it is invisible, the combustion seems to 
be complete. 

Burning Smoke. The formation of carbonic oxide from carbon and 
carbonic acid in the furnace has led many practical men astray. The 
stove and furnace doctors of the day have filled the country with 
contrivances for " the burning of mnoke^^ for ** the combustion of smokeJ** 
We claim, and shall hereafter attempt to show, that this is absurd. We 
will here mention only one of the numerous errors into which these men 
have Mien. 

When, from an insufficient or a redundant supply of air, or from 

other causes, combustion Ls incomplete, the carbonaceous constituent of 

the coal is set free in the form of smoke. This smoke is made to jiass 

over heated bars of iron, or other heated suljstances, and, as we are 

gravely told, is conmmed. 

t iirbonic acid is always mingle^I with the smoke, and when the two 
-*— sought together at a high temperature, as by contact with these 
^istancfes the inmJnIjU carlir>nic acid and the viifible smoke unite 
^ ft descriWl^ and prorliiee invinble carbonic oxide. 

>j^lieve, w '^ burning the tmoke ;^^ but in truth the 
'thrmt jiaving the sraalleHt fraction of the heat. 
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Why This Carbonic Oxide Does Not Burn. It may be asked why 
the carbonic oxide, thus produced, does not ignite at this high tempera- 
ture. It does not, simply, because there is no oxygen to unite with it 
If a sufficient supply of oxygen had been present, it would not have 
been produced. If oxygen is admitted, it takes fire and heat is evolved. 

Since carbonic oxide has already taken one equivalent of oxygen, it 
inflames at a lower temperature than either hydrogen or carburetted 
hydrogen. It is often sufficiently heated after passing to the mouth of 
the chimney to ignite on coming in contact with the air. This accounts 
for the flame which is frequently seen at the tops of chimneys, or of the 
smoke pipe of steam vessels. This fact should be sufficient to teach us, 
that hecU alone will not effect the combustion of these combustible 
products of imperfect combustion. Oxygen is required, and we might 
as well attempt to overthrow the laws of gravitation as to bum these 
substances without it. 

Quality of the Air. When we speak of furnishing a given volume of 
hydrogen for a given amount of coal gas or of coke, we do so because 
the laws of chemical combination require just this amount in order that 
every atom of both gases may enter into union and produce complete 
combustion. 

We also speak of a given volume of common air as being sufficient to 
supply the required quantity of oxygen. We do so, knowing that the 
volume oipure air will contain a definite proportion of oxygen. 

When we say that ten cubic feet are sufficient to effect perfect 
combustion with one cubic foot of coal gas, we state this on the supposi- 
tion that the ten cubic feet of air contain 20 per cent, or two cubic 
feet, of oxygen. If this atmospheric air has been deprived of part of its 
oxygen or mixed with any other simple or compound substance, it no 
longer sustains the character of pure air, nor does it satisfy the condi- 
tions of complete combustion. Hence, if it can be shown that a portion 
of the oxygen is withdrawn from the air before it comes in contact with 
a large portion of the coal gas, and the carbon in the fire chamber, it is 
evident that complete combustion is impossible. 

In this case certain quantities of hydrogen and carburetted hydrogen 
escape uncombined for the want of a proper supply of oxygen, and 
consequently a large amount of heat is lost. That the air is thus 
vitiated, or deprived of a part of its oxygen, will be shown in another 
portion of this treatise. 

Mr. Parkes, in " The Transactions of Civil Engineers," observes that 
he found that smoke increased by the admission of air, the pressure of 
steam fell in consequence, and failure was unavoidable. On examina- 
tion he found that failure could be traced to the deterioration of the air 
in passing over the inflamed fuel. 
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** In illustration of this, let ns suppose that 100 represents the quantity 
of air required per minute for the perfect combustion of the gaseous 
products ; and that 200 represents the quantity required for the use of 
the carbon on the grate. Let us further suppose that, instead of sending 
each of those quantities Beparately to perform its respective duty by 
giving up its constituent oxygen to its proper combustible (and for 
which express duty it was employed), we send the entire quantity, say 
800, through such burning mass of solid carbon ; can we doubt that the 
result would be, first, the impelling this latter to an increased and undue 
action, and secondly, the vitiating of the air intended for the gaseous 
combustibles by depriving it of its due proportion of oxygen ? 

For what is this increased action of the carbon on the grate but 
increased combustion ? And what is this but an increased absorption 
of oxygfen, the very oxygen that had been intended for another purpose ? 
This cannot be denied, neither will it, that the direct result is to 
vitiate the quality of the hundred measures of air thus sent by an 
improper route to the gaseous constituents of the coal." 

Let us suppose another case, that of laboratory practice, that of ascer- 
taining the largest quantity of carbonic acid and water that could be 
produced from any given quantity of coal gas and air ; for this is, in 
fact, what we wish to effect in the furnace. 

After adjusting our apparatus and measuring the proportion of gas to 
be operated on, and the air to be mixed with it, suppose that we should 
discover that the latter, instead of being pure atmospheric air, had been 
the product of some previous experiment or operation, in which it had 
been mixed with ignited carbon. What would the veriest tyro in the 
laboratory say ? Would he not reject the whole as unsatisfactory, and 
begin again, requiring the air to be brought from an unvitiated source ? 
Yet this is our daily practice. We bring air to the gases which has 
been employed before in a separate and even destructive process, and 
yet expect the result to be satisfactory and the combustion complete. 

ON THE ASSOCIATION OP ATOMS REQUIRED FOR COMPLETE 

COMBUSTION. 

We have seen that the quantity of air admitted to the furnace 
determines the proportionate quantity of fuel which may be rendered 
available for the production of heat. We are now to consider a still 
more important question, namely, the degree of mixture which is 
required between the substances termed combustible and the supporter 
of combustion. 

There seems to be an established opinion among practical men that, 
if there be a strong draft and an abundant supply of air, nature will 
complete the process. A closer examination of this subject will show ^ 
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that this operation involves a physical impossibility. It has been shown 
that chemical action will take place only between atoms of different 
substances removed from each other at insensible distances. If sal 
ammoniac and lime require to be ground together in a mortar, to bring 
the atoms of each within the sphere of chemical attraction, how can we 
expect hydrogen and oxygen to unite without such a mixture of their 
respective atoms? 

Dr. Ure, in his " Chemical Dictionary," informs us that gunpowder is 
composed of given weights of nitre, charcoal, and sulphur, intimately 
blended by long pounding in wooden mortars, and that the variations of 
its strength are occasioned by the relative fineness of division and 
intimate mixture of the ingredients. Nitre does not detonate unless it 
comes in contact with an inflammable substance; hence, the whole 
operation will be more speedy, the more numerous the surfaces of 
contact ; and this surface contact will, of course, depend on the intimacy 
of the blending. We shall find that a proper mixture of the respective 
atoms, as a preparation for the complete union and combustion of the 
elements employed in the combustion of fuel, is just as important as in 
the case of gunpowder. 

In some of our large furnaces more than five hundred pounds of coal 
are consumed per hour, which would require the mingling of twenty- 
five hundred feet of coal gas per hour with twenty-five thousand feet of 
air in a single hour ; and this is to be accomplished for the combustion 
of only the volatile portion of the coal, and under many opposing 
influences. So numerous are these countei-acting influences that we 
may note only a few of the most important. 

Ist. The bodies to be mingled are partly solid and partly gaseous. 

2d. The gases evolved are heterogeneous, being partly combustible 
and partly incombustible, and partly supporters of combustion. 

8d. The air which has passed over the incandescent fuel is mingled 
with a large quantity of carbonic acid, which has a much greater specific 
gravity than the other gases. 

4th. The air which has passed over the burning mass has necessarily 
lost a portion of its oxygen, and consequently the air required to supply 
the proper amount of oxygen is increased, which will render a proper 
incorporation more difficult. 

These and many other circumstances seriously impede the process of 
distribution, so that we shall find it utterly impossible to bring about 
such a degree of incorporation as will enable the atoms of the com- 
bustible gases to meet their respective portions of oxygen, and duly 
arrange themselves for chemical union, before the whole is carried, by 
the force of the ascending current, beyond the temperature required for 
ignition, without which any subsequent mixture would be useless. 
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to their ignition ? See diazrua 4. ja^ 77. 
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countless atoms ccHnpOfrii.g tLe mke» of oivg*:n *r.'i Lrir -g^a E^i^t Lave 
been in the closest contact, or Lave bt*n airana'-'i in «ris *i:d jiairs, as 
shown in the diagrams. 

Diffosion of Gases. Having sLown the degree of mecLanioal 
mixture necessary for the chemical union of the coal gas and the oicygt* n 
of the air, let us now examine the influences, or force, on which we 
depend to effect this mixture. 

The law which controls the motion of gaseous bodies is different from 
that which governs the motion of liquids. 

Oil and water in the same vessel do not unite. The water, by reason 
of its greater specific gravity, faUs to the bottom of the vessel, while the 
oil rises to the top. 

Every aeriform body, on the contrary, possesses the power of diffusing 
itself throughout every other aeriform body with which it is brought in 
contact, in opposition to the force of gravity, until they are so perfectly 
incorporated that the proportion of any one of the gases in a fractional 
part of the mixture, will be the same as the proportion of that gas in the 
entire mixture, or that all parts of the same volume are composed of the 
same proportions of the gases employed. 
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Slow Rate of Diffusion of Gases. The rata of diffusion of gases 
has been made the subject of careful experiment and calculation. In 
one of our standard works of Physics, we find the following : " When 
different gases are brought together, they mingle with each other 
gradually, offering no other resistance to the mixture than the opposi- 
tion which pebbles present to the motion of the water." Here we have 
the advantage of small quantities, definite proportions, and deliberate 
mixture of the masses to begin with, yet we find that the operation is a 
gradual one. A well-known work on chemical manipulations directs 
that the oxygen shall be well mingled with the hydrogen, and that they 
be permitted to remain for a considerable time before firing. Here are 
deliberate and pains-taking measures for securing a perfect incorporation 
of the gases, when only a vial is to be used. 

In another work we are told that in making mixtures of the gases, 
although they will appear uniform if sufficient time is allowed, yet 
** this period will be very long, extending over several hours when the 
vessels are narrow ; even in a wide jar, several minutes are necessary for 
the complete mingling." 

Law of Diffusion. While time will accomplish complete diffusion, 
yet the effect of varying densities, or specific gravities, in the gases is 
of sufficient importance to receive our notice. It has been found that 
the rapidity of diffusion is dependent on the relative densities of the 
gases, and it appears that the velocities with which gases diffuse them- 
selves are in inverse ratio to the square root of their specific gravities. 
The following table gives the specific gravities of the several gases met 
in the furnace, the square roots of their densities, and the reciprocals of 
these roots, or their rates of diffusion. 

Impediments to the Required Association. Here are no less than 
seven different kinds of gases, all of which come in contact with each 
other in the furnace, struggling together, yet all tending, according to 
the law of diffusion, toward perfect incorporation. These bodies, as we 
have seen, vary in specific gravity, from hydrogen, which is the lightest 
of all known substances, to carbonic acid gas, one of the heaviest of 
gases. This is one of the most important natural impediments to the 
formation of that perfectly uniform mass, which is essential to complete 
combustion. The most abundant of any of the gases found in the 
furnace are atmospheric air and carburetted hydrogen. In following 
table we see that the air has nearly twice the density of carburetted 
hydrogen, with which it is to mingle, one hundred cubic inches of the 
carbvu'etted hydrogen weighing only seventeen grains, while the same 
volume of air weighs thirty-one grains ; the contrast is still greater 
between air and hydrogen, the air being nearly fifteen times heavier 
^ than the hydrogen. > 
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NAMES OF OASES. 



k 



Hydrogen, 

Oxygen, .... 
Nitrogen, .... 
Carboretted Hydrogen, . 
Bi-carboretted Hydrogen, 
Carbonic Oxide, 
Carbonic Acid, 



8p. Oravity. 



1.1066 
.9718 
.559 
.978 
.9678 

1.52901 



8q. R. of 8p. 
Oravity. 



1.0515 
.9856 
.7476 



.9837 
1.2366 



Rate of 
Diffusion. 



3.7994 
.9510 
1.0147 
1.3375 
1.0112 
1.0165 
.8087 



RECAPITULATION. 

The coke which remains after the volatile constituents have been 
expelled constitutes from 50 to 80 per cent of bituminous coal. 

If coke be brought in contact with a due supply of air, it burns with- 
out flame, evolving an intense heat, and producing carbonic acid gas. 

The complete combustion of the coke from a ton of coal requires 
about two hundred and forty thousand cubic feet of air. 

If there be a deficiency in the supply of the air, the atoms of carbon 
will unite with one instead of two equivalents of oxygen, and carbonic 
oxide, instead of carbonic acid, will be produced. 

Carbonic oxide is an invisible, inflammable gas, lighter than common 
air. It is carbon half burned. If brought in contact with a due supply 
of air, it bums with a pale blue flame, evolving heat, and producing 
carbonic acid. If no air be supplied, it readily escapes unconsumed, on 
account of its levity. This is a source of gp^eat waste in the use of coke, 
anthracite coal, and charcoal. 

Carbonic acid, generated in the lower portion of the fire-chamber, is 
converted into carbonic oxide, and passes up through the red-hot 
embers. 

One volume of carbonic acid produces two volumes of carbonic oxide. 

In the conversion of carbonic acid into carbonic oxide a large amount 
of heat is absorbed, and, unless the carbonic acid find a supply of air^ 
and be consumed, it will occasion a serious loss of heat. 

If the air admitted to the furnace has been deteriorated by the loss of 
a part of its oxygen or contaminated by carbonic acid, it cannot effect 
the perfect combustion of either the gaseous or the solid portion of the 
fuel. See the following diagrams, pages 70 to 91. 

ELEMENTS WHICH ARE EXPECTED TO BECOME THOROUGHLY 
INCORPORATED IN THE FURNACE. 



1r^ 



/r» 



ZTf* 



Digitized by 



L.oogle 



70 



Explanation of Diagrams, Illustrating the Laws of 
Chemical Combinations. 



Explanation of Diagram 1 



Use of Diagrams. Since many important elements and com- 
pounds found in nature are invisible, a clear conception of their exist- 
ence, properties, and relations is rendered somewhat difficult But 
whenever such invisible substances possess qualities, fixed and clearly 
defined, which are capable of being represented to the eye, diagrams 
prove a very efficient means of conveying distinct impressions of them 
to the mind. By the use of these diagrams, we are able to bring before 
the eye the more important properties of the elements, the structure 
of the compound bodies, and the numerical laws of quantity, which 
govern, with unerring accuracy, all chemical combinations. 

The illustrations here given are limited to those elements and com- 
pounds which are employed in the combustion of fueL • 

In diagram i the names of the elements are given in the left-hand 
column. Opposite each name is a colored circle, designed to represent 
the elements. The color given to each circle illustrates one or more 
properties peculiar to each element. Thus oxygen is the grand agent 
for carrying on the process of combustion ; and, as red is the most 
common representative of fire, we assign this color to all the circles 
standing for oxygen. 

All those varieties of fuel which contain any considerable propoitioo 
of hydrogen bum with a yellowish flame, as wood, bituminous coal, etc ; 
hence this element is appropriately represented hy yellow circles. 

Nitrogen constitutes four fifths of the atmosphere, which, when seen 
in large quantities, appears blue* therefore this color is given to the 
circles representing nitrogen. 

Carbon is shown by black circles. This is its natural color as seen in 
graphite improperly called black lead) and in the diflFerent coals. 

Manner in Which Different Substances Enter Into Chemicat 
Union. In diagram i the colored circles on the right represent ( 
pounds formed from elements on the left. 

The lines passing from single circles on the left and coiw 
the right indicate chemical affinity. See also pages 81, 82, 1 

All the diagrams in this treatise^ with the exce< "m 

resent the relations and combinations of the diflFe 
instead of by weight; but hydrogen will still be 
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DIAGRAM I. 



Elements employed and compounds formed in the process of 
Combustion. 
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Explanation of Diagram 2. 



Figure i, on the left, represents the constituent elements of a single 
atom of carburetted hydrogen, thus : — 

I atom of carburetted hydrogen, ( t atom of carbon, ) both 

^a chemical compound of I 2 atoms of hydrogen, ) combustible. 

t atom of atmospheric air, ( t atom of oxygen, ) a supporter of combustion, 
^a mechanical mixture of | 2 atoms of nitrogen, ( neither combustible nor a 

supporter of combustion. 

Four atoms of atmospheric air contain four atoms of oxygen and 
eight of nitrogen ; there is, then, an aggregate of fifteen elementary 
atoms employed in the combustion of a single atom of carburetted 
hydrogen. 

In figure 2, the second column, may be seen the elements compos- 
ing the atom of carburetted hydrogen in a state of chemical union, 
condensed to two thirds of their original bulk. 

Figure 3 represents the atoms of the compound gas and air brought 
within the limit of chemical attraction. On the application of the 
required degree of heat, chemical action begins, and a complete change 
takes place. The carbon and the hydrogen are now in a state of 
chemical union. The one atom of carbon and two of hydrogen are 
held together by chemical attraction. When heat is applied, the 
attraction between the hydrogen and the oxygen becomes greater than 
between the hydrogen and the carbon ; therefore the elements are 
separated, and the atoms of hydrogen and oxygen rush together. The 
carbon is now set free at a high temperature, and unites with the two 
remaining atoms of oxygen, to produce carbonic acid. 

Figure 4 represents the first stage of the process, on the breaking 
up of the compound gas, when each of the elements attaches to itself 
its own equivalent of oxygen. The nitrogen, on account of its " neu- 
trality," has taken no part in the process, and is left unattached ; and 
we see that the atom of carbon and each of the two atoms of hydrogen 
are supplied with the exact proportion of oxygen required for their 
chemical union. 

Figure 5 shows the product of these unions : — 

One atom of carbonic acid, formed by the union of the atom of 
carbon with its equivalent of oxygen, and condensed into two thirds the 
space occupied by its elements. 

The two atoms of steam, each formed by the union of one atom 
of hydrogen and one of oxygen, and condensed into two thirds the 
volume of its elements. 
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DIAGRAM 2 — (continued.) 

Explanation of diagram 2 will also help the reader to comprehend 
the several changes which occur during the complicated process of 
combustion. It will also help him to grasp and fix both the relations 
as to quantities, between the several bodies which enter into chemical 
union, and the compounds which such bodies relatively produce during 
this process. 

The first impression on inspecting the diagram is the large volume 
of air required for the combustion of so small a volume of coal gas. 
But when we take into consideration the preponderating quantity of 
nitrogen which is present, the reason of this is obvious. This, how- 
ever, is unavoidable so long as we depend on atmospheric air for our 
supply of oxygen. If it be true (and no scientific truth is more firmly 
established) that elements will combine only in the proportions here 
represented, we can readily comprehend the loss resulting from a 
deficiency of either. 

Directly below are represented the constituents of air in their com- 
bined state ; but, since this is only a mechanical mixture, there is no 
diminution in bulk. It has been shown that chemical union can take 
place only between substances which are removed at insensible 
distances from each other. 

Therefore these atoms must be brought in contact previous to 
combustion. 

The elements which compose the atmosphere have the same volume 
when taken separately as when united ; whereas the elements of steam, 
carburetted hydrogen, carbonic acid, and many other compounds, are 
condensed on entering into chemical union ; but we must bear in mind 
that these are chemical compounds, while the atmosphere is only 
a mechanical mixture of its elements. 

No one can look for a minute at these illustrations without noticing 
the very large volume of nitrogen which must pass through the furnace, 
and what an almost insurmountable difficulty the presence of this 
element offers to that degree of incorporation which perfect combustion 
requires. 

Note. It must be remembered that the colored circles show the 
relative volume, or bulk, of the corresponding atoms, while their relative 
weights are indicated by the numerals placed just below the name of 
each, at the bottom of the page. The relative volumes of carbon and 
hydrogen in any one atom of carburetted hydrogen show their relative 
volumes in any larger quantity, as each atom of the compound gas has 
exactly the same composition. See pages 58 and 59. 
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Explanation of Diagram 3. 



Figure i represents an atom of carbonic acidy with its constituent 
elements — two atoms of oxygen and one of carbon — at the left. 

Figure 2 represents an atom of carbonic oxide, with its constituent 
elements — one atom of oxygen and one of carbon. 

This carbonic oxide is a transparent, colorless gas. 

When inhaled, it is exceedingly injurious to the respiratory organs. 
Air which contains only one part in a hundred of this gas is said to be 
fatal when inhaled for any considerable length of time. In close, 
heated rooms, where coal is used for fuel, deaths are often caused by 
closing the escape pipe, or leaving the stove door open and allowing 
the gas to escape into the room. This fatal effect is usually attributed 
to carbonic acid ; but this poisonous gas not infrequently enters the 
room mingled with carbonic oxide, a gas still more deadly in its effects. 

The cause of the formation of such a compound is of interest here. 
It cannot be the result of complete combustion of carbon ; for, as has 
been shown, carbonic acid is the only product of that process. The 
mode by which this gas is sometimes obtained in the laboratory for 
experiments will give an insight as to the mode of its formation in the 
furnace. If we take an iron or porcelain tube, place in it fragments of char- 
coal, heat it to redness, and then pass a stream of carbonic acid over the 
heated coals, the carbonic acid will lose one half its oxygen and be con- 
verted into carbonic oxide. The oxygen which has been given off will 
unite with the heated coal, and form another volume of carbonic oxide. 

A similar action takes place in the furnace. If the supply of oxygen 
be sufficient, carbonic acid will be formed. 

If carbonic acid is produced and brought in contact with heated 
carbon, with no free oxygen, the carbonic acid will lose half its oxygen, 
and become carbonic oxide. The liberated oxygen will unite with the 
heated carbon and furnish an equal volume of the same gas. 

Figure 3 in diagram 3 shows one atom of carbonic acid, and the 
volume of its constituents. When an atom of carbonic acid is brought 
in contact with heated carbon, one of the atoms leaves the carbonic 
acid, and this acid becomes carbonic oxide. At the same time the 
atom of disengaged oxygen unites with an atom of carbon, and forms 
another atom of carbonic oxide of the same volume as the first. 

It must be remembered that the colored circles show the relative 
volume or bulk of the respective atoms, while their relative weights 
are indicated by the numerals placed just below the name of each, 
at the bottom of the page. (See diagram 2.) 
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Explanation of Diagram 4 



Illustrating the Combustion of a Given Volume of Hydrogen 
and Its Equivalent of Oxygen. As one atom o{ oxygen always unites 
with one of hydrogen, and as these atoms unite only when in dose con- 
tact» it follows that the countless atoms composing the mass of the oxy- 
gen and hydrogen must have been arranged in sets or pairs as shown. 

Figure i represents a section of a body of hydrogen and a section of 
a body of oxygen required for its complete combustion. The different 
sizes of the circles show the relative volume, or bulk, of any two atoms 
of these gases» 

Let us suppose that the red circles representing the oxygen in 
figure I be moved toward the yellow circles representing the hydrogen, 
until the upper row of the red comes in contact with the lower row of 
the yellow circles* 

Now, on applying the proper degree of heat required to induce 
chemical action, how many of these atoms will unite ? 

Clearly, only those which are in contacti for chemical affinity acts only 
on bodies which are at immeasurably small distances from each other; 
hence only eight of the thirty-two atoms will enter into combinationj and 
three fourths of the heat which might have been evolved, would be lost. 

Before complete combustion can take place, every one of the atoms 
of hydrogen must find, and be brought within the attractive influence 
of its own atom of oxygen. 

Figure 2 represents such an arrangement of the respective atoms, 
and figure 3 represents the product of the several combinations — 
sixteen atoms of steam. 

In this case we notice that not an atom of hydrogen or oxygen 
escapes uncombined. Consequently we have the maximum amount of 
heat which can be developed from the given amount of hydrogen. 
This gives us a clear idea of the degree of mixture or association of 
atoms which nature requires for perfect combust ion» so far as hydrogen 
and pure oxygen are concerned. It is not claimed that we know, or 
ever can know, the actual form of an atom of matter, or the precise 
manner in which the several atoms arrange themselves; but this is 
certain, that a given bulk of hydrogen will combine with only half its 
bulk of oxygen, and that this union will take place only as they are 
thoroughly blended. 

The immediate union of hydrogen with oxj^gen only occurs at a high 
temperature, either in contact with a flame or by an electric spark* 

Water is the product of the combustion of hydrogen and oxygen. 



Digitized by 



Google 



A 





A 








^ 






•••• 






S 1 s, 






•••• 




1" ^ 




1 




•••• 




^T-- 




•••• 




fl 


1 
1' 








5: 








'^> 








S^ 








s 












<&• 








ct 








^ 








i" 






5 »• 


"^ 




# • • 


• 


i^.^ 

H 


i 


1 


s 


• • • 

• • • 


• 
# 


1 


1 






g 






c^ 




• • • 


• 


1. 














*•. 








5- 

■i 












«« • 








f^> 






^ ft. 


^ 

r 




#• 


• • 


nr 






• • 

• • 






f 




• • 


• • 


m 


i 








3141 


*^ 








•flli- 







Digitized by 



Google 



M 



Explanation of Dugram 5. 



Figure i, diagram 5^ ftrpresenti the carlKHt and the volame of the 
oxygen required for its combustion. 

Figure 2 shows the association of the atoms reqiured preWous to 
ignitkm; and 

Figure 3 the resulting product, carbonic acid^ being two thirds the 
ciriginal bulk \A the mixture. 

For the perfect combustion of the carbon^ each atom must unite 
with two atoms, or double its bulk of oxygen. 

This gives us an idea of the perffci ^^m^MStion of a given volume of 
carbon. The projiortiims between the oxygen and the carbon are so 
definite, and the diffusiim of the respective atoms among themselves is 
so complete, that each atom is within the sphere of chemical attraction 
before being fired, so that not a single atom of either element escapes 
combination* 

Chemical and Physical Properties of Carbon* Carbon Is one of 
the most widely diffused of the elements. It occurs in a free state in 
the diamond, as graphite, and as charcoal ; these three varieties con- 
stitute modifications of the element. No better example of the striking 
differences which it is possible to effect in the appearance of a substance 
by variety of atomic arrangement, could be adduced than that of carbon. 

Carbon also exists in nature in combination with oxygen^ furming 
carbon dioxide, a gas which is present in a free state in the ain and 

which is largely evolved from subterranean sources. 

A large proportion of the solid crust of the earth is made up of com- 
pounds of carbon dioxide with various bases, entire mountam chains being 
composed of the carbonates of calcium and ma^esium. Immense areas of 
calcium carbonate, brought together by the vital processes of minute 
organisms^ exist beneath the sea's surface. 

All organic matter contains carbon in combination with hydrogen, 
oxygen, and nitrogen, etc. Indeed, this element is specially character- 
istic of animal and vegetable life; every organism contains it. Its 

combinations with hydrogen are particularly numerous. 

The petraUnm mlsy naphtha, marsh gas, hn:sine, iiiumiNating^ gtis, 
€fi\, are all hydrocarhons, tlmt is, compounds of carbon and hydrogen. 
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Explanation of Diagram 6. 



The Combustion of a Given Volume of Carburetted Hydro- 
gen, Diagram 6 represents I he required mixture and combustion ol 
a given volume of farbureiltd hydmgtn^ with its equivalent of i^xygen. 
Figure I represents the volume of carburetted hydrogen to be con- 
sumed, and the volume of oxygen required for its combustion. Figure 
2 and figure y^ the products of combustion ^ — carbonic acid and steam. 
It will be remembered that carburetted hydrogen is composed of two 
equivalents of hydrogen and one of carbon* and that each equivalent of 
hydrogen requires for its combustion one equivalent of oxygen, and 
that one equivalent of carbon requires two of oxygen ; hence one 
equivalent of carburetted hydrogen requires four equivalents of oxygen, 
and the sixteen equivalents of cari^uretted hydrogen sixty-four of 
oxygen, as shown in the diagram. 

It was stated, in the case of the burning candle^ that the oxygen first 
seizes on the hydrogen. When the atoms are arranged as in figure 2, 
two atoms of the oxygen scire on the hydrogen of the compound gas, 
and produce two atoms of steam, as shown m figure 3. This sets the 
carbon free, and soon it unites with the other two atoms of oxygen, and 
produces one atom of carbonic acid* When we can conceive of these 
changes happening to every one of the countless millions of atoms, of 
which even a very small quantity of coal gas is composed, we shall have 
some just conception of what is constantly taking place in the combus- 
tion of fuel. This degree of incorporation of the elements may seem 
very difficult, even impossible, in the case of a furnace, yci na fact is 
pUuner than that *m this depends the anwuni i?f heat generated. 

If wc were obliged to mix thoroughly one bushel of wheat with two 
bushels of rye, previous to grinding, we should find our task rendered 
much more difficult if we were obliged to take the wheat with four 
times its bulk of chaff. 

Yet it is precisely in this proportion that the nx)'gen enters the 
furnace mingled with nitrogen, which is worse than useless ^o far as 
aiding the combustion is concerned. 

But if the perfect mixture seems difficult in the cases referred to* 
what shall wc say when the oxygen enters the furnace diluted with 
four times its bulk of the inert element, nitrogen, a substance totally 
deficient in power to support combustion. The presence of so large a 
volume of this neutral element will lessen by four times the chances 
for perfect incorporation! and, in addition to this, will absorb and carry- 
away a very large quantity of heat. 
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Explanation of Diagram 7. 



Diagram 7 represents a volume of hydrogen with its equivalent 
volume of air, the mixture required previous to combustion, and the 
resulting products — steam and free nitrogen. Figure i shows the 
volume of hydrogen to be consumed, and also the required volume of 
air. Figure 2 represents the mixture previous to combustion ; and 
figure 3 the volume of steam and free nitrogen which passes away. 

Chemical and Physical Properties of Hydrogen. Hydrogen, 
a gaseous body, occurs only exceptionally in a free condition on the 
earth's surface, as it combines readily with the oxygen of the air. It 
is found in considerable quantity in the photosphere of the sun and 
the fixed stars. 

In combination we find it principally as water and in substances of 
animal and vegetable origin. Paracelsus first discovered the element 
in the i6th century, and called it inflammable air. In 1781 Watts and 
Cavendish showed that water resulted from the combustion of 
hydrogen in the air. 

Physical Properties. Hydrogen is a colorless, odorless, and taste- 
less gas. Its ability to refract light and conduct heat is in accordance 
with the metallic nature of hydrogen, greater than that of all other 
gases. By cooling (284® below zero) and powerful pressure (6c» atmos- 
pheres) it is condensed to a steel blue, non-transparent liquid, which 
upon further cooling by evaporation even becomes solid ; consequently 
liquid hydrogen resembles a molten metal, or, at ordinary temperatures, 
liquid mercury. It is the lightest of all gases, being 14.46 times lighter 
than air. Its specific gravity, compared with air as unity, is 0.06926. 

Chemical Properties. Hydrogen is characterized by its ability to 
burn in air, at the same time combining with the oxygen of the latter 
and forming water ; hence its name, signifying producer of water. Its 
flame is faint blue, and almost non-luminous. As hydrogen itself is 
inflammable, it cannot sustain the combustion of other bodies which 
will burn in air. 

If a burning candle be introduced into an atmosphere of the gas 
contained in an inverted cylinder, the latter will ignite at the mouth of 
the vessel, but the candle is extinguished in the hydrogen gas. 

When a mixture of hydrogen and air is ignited, a violent explosion 
ensues. Water is the product of the combustion. It is a chemical 
compound containing hydrogen and oxygen. The immediate union of 
hydrogen with oxygen only occurs at a high temperature either in 
contact with flame or by the electric spark. 
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Explanation of Diagram 8. 



Diag^m 8 represents the preparatory mixture of the air, and the 
combustion of a given volume of carbon. 

Figure i shows the carbon to be consumed, and also the volume of 
the air required for its complete combustion ; 

Figure 2 the required mixture of the elements ; and 

Figure 3 the resulting products, carbonic acid and free nitrogen. 



Note. Not requiring the entire space of this page for explanation 
of diagrams, it seems proper to state that in Dimond's arrangement 
the diagrams were not together, but with the text, and considerably 
isolated, while the back of each plate was blank (a clear loss of good 
material and opportunity). 

Besides, the matter here presented is less than one half of the 
original text, considerable space being devoted in Dimond's treatise to 
the production and preparation of peat fuel for the market, and to 
various experiments in chemistry requiring his drawings to illustrate, 
chiefly of value to the chemist or student. 

While the leading thought with Dimond was the simple and graphic 
illustration of the combustion of solid fuel, and mainly the bituminous 
variety, yet this very fact — the gaseous nature of the fuel — renders 
these diagrams of the chemical combinations by volume of the gaseous 
fuel and the supporter of combustion^ oxygen^ at once the key to the 
proper burning of every fuel, — solid, liquid, and gaseous, that have 
either carbon or hydrogen in their composition, — and thus the dia- 
grams may be consulted for the proper combination and burning of 
coal, oil, natural and manufactured gases. 

A perusal of th» following chapter on the discovery of the oils, and 
their accompanying natural gases, and the late application of them to 
nearly all the industries requiring pure and concentrated heat, shows : — 

1st. The great changes in our heat-producing mediums and methods, 
and that, whatever the supply of coal, its use in a solid state will be 
restricted to the hard or anthracite variety and to limited locations. 

2d. That a liquid or gaseous fuel is, and must of necessity be, the 
''fuel of the future^' not only to large industrial oi>erations, but for 
domestic use as well. To this particular matter we will refer later. 
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Explanation of Diagram 9. 



Carburetted Hydrogen. Figure i represents a volume of carbu- 
retted hydrogen and its equivalent of air. Figure 2 shows the arrange- 
ment of atoms before combination, and figure 3 the product of the 
combustion — carbonic cund^ Bteant^ and pure nitrogen^ Sixteen atoms 
of carburetted hydrogen require for their combustion sixty-four atoms of 
air, and give us, after combustion, sixteen atoms of carbonic acid, thirty- 
two atoms of steam, and a hundred and twenty atoms of pure nitrogen. 

It is not necessary to give diagrams illustrating the combustion of 
bi-carburetted hydrogen, as the conditions are the same. It will be 
remembered that the only difference between this and carburetted 
hydrogen is that the former contains double the amount of carbon for 
the same amount of hydrogen. 

For the complete combustion of carbonic oxide, one atom (one half 
a volume) of oxygen, or five atoms (two and a half volumes) of air, jire 
required for every atom of the gas, and the same degree of mixture as 
in the foregoing illustrations. 

No one can look for a moment at these illustrations without noticing 
the very large volume of nitrogen which must pass through the furnace, 
and what an almost insurmountable difficulty the presence of this 
element ofifers to that degree of incorporation which perfect combustion 
requires. 

On this account attempts have been made to obtain the oxygen from 
other sources than the atmosphere, so that the presence of this neutral 
element may be avoided; and lamps supplied with oxygen for light- 
houses and public buildings have been used with success. This method 
of effecting combustion, however, can never come into general use until 
some more simple and less expensive method for obtaining pure oxygen 
is discovered. 

Diffusion of Gases. It appears that the law which governs the 
motion of gaseous bodies is different from that which governs the 
motion of liquids. Oil and water in the same vessel do not unite. 
The water, by reason of its greater specific gravity, falls to the 
bottom of the vessel, while the oil rises to the top. Every aeri- 
form body, on the contrary, possesses the power of diffusing itself 
throughout every other aeriform body with which it is brought in 
contact, in opposition to the force of gravity, until they are so 
perfectly incorporated that the proportion of any one of the gases, 
in any fractional part of the mixture, will be the same as the pro- 
portion of that gas in the entire mixture. 
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Explanation and Correction of Diagrams. 



These first chapters are, as seen, a study of combustion, scientifically 
and practically considered. This matter is an abridgment of a work by 
W. E. Dimond, when a Professor of Chemistry at Dartmouth College, 
N. H. The plates and text were prepared to illustrate that the inven- 
tions of Sidney Smith were based on sound philosophy and correct 
science, and that chemistry was the key to this, and to all pix>j)er con- 
struction in steam boilers and other furnaces. 

The plates of this work were, however, destroyed in the great fire at 
Boston in 1872. They are now (by the kind permission of Mr. Smith) 
reproduced under the conviction that, although the idea was not new, 
Dimond's treatment of combustion and chemical union by form^ wze, 
color^ and proportion is the best illustration that this beautiful and exact 
science has received at the hands of any writer, and that, in i*eviving 
this lost work, the author pays his tribute to its signal worthy while 
restoring it to the public^ for whom it was originally intended. 

The diagrams illustrp,ting the various elements and their combina- 
tions are reproduced by photographic transfer, and then engraved in 
wax by the relief-line process. They are doubtless correct in all essen- 
tial particulars, although the careful student in modern chemistry will 
perhaps note some diflfei-ences in expression or what may be called 
chemical notation. For instance, in diagram 1, page 71, water may be seen 
represented by H O instead of Hj O, as expressed in later chemical 
works, signifying that water is composed of two jmils or atoms of 
hydrogen to one of oxygen. This is correct when estimating the 
atoms by number, so the expression of H O is doubtless correct when 
estimating these elements by weight instejid of by atoms. 

Where hydrogen is unity or one^ oxygen will he eight; or^ if hydrogen 
were represented by two atoms^ oxygen would be sixteen. In this view both 
the new and the old methods of expressing combination by volume are the 
same. See pages 31, 32, 33. 

* Note. — It should be remembered that the colored circles show the relatire Tolvne 
or balk of the corresponding atoms, while their relative weights should be indicated 
by numerals placed below the name of each. Bj a singular error of the engrarer aad 
the proof-reader these numerals were omitted, Tliej are as follows: — 

Oxygen (8), Carbon (6), Hltroir^n (i^)^ Hydrogen (i), Carborettod 
Hydrogen (8), Carbonic Add (22), Steam (9), Atmoupberfe Air ^36). 

For further reference to this method of chemical notation, see Youman's AUtm^ 
ChemUtr^; also his CIojw Book of ChfrniMfry, H. S. King A f'o., I>ondon. 

• Diad^ram "So. 2, fl^rnre «, ]tottfnn ni pAK^n 74 and 7.1. 
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Heat: Its Science, Production, and Application. 



CONCLUSIONS. 

To throw coal on a grate, to pass oil into a furnace, to feed gas into 
a fire, is the simplest of all mechanical oi)eration8, but it is not chemis- 
try, or the intelligent combination of the combustibles with oxygen 
under such conditions as will secure the greatest heat and economical 
effect. 

That carl)on in a fine or jwwdered condition, or in the form of a 
liquid, or that of the natural and manufactured gases, is in a much 
better condition for the intelligent and educated engineer to handle, is 
true, but it offers no essential a<lvantage to the average fireman or 
mechanic except a chance to get away with his emph>yer's money — if 
not to blow him and liLs dwelling into the air; thei-efore, my last word 
to all intending the introduction of oil or gas fuel is, go slow, be sure 
you ai-e right before you go ahead I The essential conditions have been 
so fully descrilx?d and illnstmted that we have room for only the 
following : — 

Whenever heat is desired, something must be burned or changed ; 
the burning is termed combustion. 

To insure combustion, a combining of the elements must first ensue. 
On the perfection of this combination or mixture depends the amount 
and temi>erature of the heat of the fii*e. 

Carlwn, oxygen, and hydrogen are the principal elements to l)e com- 
bined. CarlK)n is a solid found in wood, coal, coke, i)eat, also in oil. 

The oxyifen (princii)ally found in common air) and also hydrogen are 
gases, the latter generally liberated during the burning of other 
combustibles. 

C()ml)usti(m, then, in whatever form, or from whatever materials 
derived, is a combining of certain elements in definite and determined 
proimilions ; and the nunil)ers expressing these projwrtions are called 
equivalent or combining numbers or atomic weights. 

See pages 34 and 35. 

Chemistry is the science and the key to all proi)er and necessar}' data 
for the burning of fuels. 

Without a knowledge of this and an application of the truths illus- 
trated in Part I., no man is fitted to construct furnaces. He may have 
unlimite\l coal, oil, and gas at his disiK)sal, but he cannot realize their 
value. They will pass through hLs fingei*s like fine gold in the river 
saiuLs, — nay, he may starve on the bank, while a flask of mercury with 
which to recover the gold would make him a millionaii*e. 

Bmuis, in a well-constructed head, may stand for our references to 
the flask of mercury ; while ignorance and prejudice, in its place, yield, 
as they always have, only starvation wages. 
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The Warming and Ventilation of Buildings. 
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F>ARX SECOND. 

CV Raving considered in the former part of this treatise the impor- 

j Y tant part which fuel is destined to play in promoting personal 

o' V comfort, securing wealth and national prosperity, and having 

pointed out some of the more general properties, both physical 

and chemical, belonging to different varieties of fuel, and having 

explained those laws which will prove to be the only correct guide in 

our efforts to secure the greatest economy in its use, we now propose 

to make a practical application of these facts and |)rinciples to the 

construction and operation of furnaces. 

Scientific Principles our Guide in the Construction of Furnaces. 
The mechanical engineer will ask " What have these to do with furnace 
making or furnace working? Your experiments and laws are well 
enough for the laboratory and class-room ; your theories are plausible 
enough, but we do not care for these. They have nothing to do with 
the practical working of a furnace. There is just so much heat in a 
pound of coal or carbon, and you can obtain no more. If the air be 
admitted to the furnace, nature will do the rest." 

It would be well for the objector to bear in mind that the teachings 
of science and the principles which it enunciates are by no means 
** theoretical." They are founded on an analysis and comparison of 
facts, which have been established by the most careful and painstaking 
experiments. 

It is a principle of natural philosophy that two bodies cannot occupy 
the same space at the same time ; but, if any man be so unwise as to 
suppose that this is merely a tlieoretical truth, and persist in the 
attempt to make his head and a brick wall occupy the same space at the 
same time, he will, after a few well-directed and persevering efforts, 
become convinced that this principle is a practical truth, and one wliich 
applies to his particular case. 

The varied mechanical and chemical mutations effected upon matter 
are governed by laws fixed, clearly defined, and universal in their 
application. If, then, implicit obedience to nature's laws be indispensable 
to satisfactory results in the one case, it is equally so in the other. 
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Therefore a knowledge of the nature and properties of different kinds 
of fuel, the character of the elements composing the atmosphere, and 
the laws of chemical combination has everything to do with determin- 
ing the construction and arrangement of different parts of the furnace. 
A knowledge of these involves the whole question of right and wrong^ of 
entire success or partial failure^ of economy and waste. 

The Reason that so Many Inventions Prove Unsuccessful. 

There has been sufficient time, money, and skill expended in originating 
methods and in perfecting apparatus for economizing the use of fuel, 
but unfortunately our inventive genius has been groping its way in the 
dark; consequently much of it has been on the wrong track. Many of 
the contrivances which of late years have encumbered the patent list 
have been based on no principle, justified by no proof, while some even 
are in direct opposition to the laws of nature. The reason for this is 
obvious. Our inventors in that line have not been men whom early 
training and correct habits of thought have fitted, and whose bnsuiess 
has permitted, to investigate chemical agencies and processes ; and they 
have therefore failed to become masters of the fundamental principles 
upon which the success of their inventions depend. 

What the First Step Should Be. No practical chemist would 
attempt to decide on the size, shape, and strength of his retort, crucible, 
or other apparatus without previous consideration of the nature, con- 
ditions, and tendencies of the substances with which he is about to 
opemte. Now, combustion is a chemical experiment, and, as such, is 
one of the most brilliant, interesting, and instructive within the depart- 
ment of chemical science. The furnace is the retort. How, then, can 
we know how to construct the furnace before we have learned the 
nature of the process which is to take place ? 

Combustion Incomplete in an Ordinary Furnace. Keeping in 
view the numerous and convincing illustrations of what nature requires, 
as exhibited in the preceding chapters, it is evident that the construc- 
tion and arrangement of any furnace, which has for its object the 
combustion of fuel containing volatile hydrocarbons, must be based on 
the following principles : — 

1st. Of furnishing an adequate supply of air. 

2d. Of permitting the air to be carried to the fuel in different parts 
of the fire chamber in a pure state. 

3d. Of producing an intimate mixture between the air and the 
inflammable gases before they have passed beyond the point where the 
temperature is sufficient to induce chemical action between the com- 
. 1^ bustible and the supporter. 
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It demands no very close scrutiny or keen observation to discover 
that a furnace, constructed on the ordinary plan of admitting the air 
en masse through the grate, foils to meet any one of the foregoing 
conditions. The bars or grate are always, or should be, covered with a 
mass of incandescent coke. 

When a fresh charge of coal is thrown into the furnace, the 
passage for the air through it must be more or less closed, there- 
fore the supply of air for the time is greatly diminished; but this 
is the very time when there is the greatest demand for a larger 
supply of air, for the moment the fresh coal comes in contact with 
the highly heated coke, it absorbs heat and large quantities of in- 
flammable gases are set free, for the combustion of which a large 
volume of air is required. 

Thus the smallest quantity of air is unavoidably admitted at a 
time when there is a demand for the largest supply. 

This gas, as we have seen, consists mainly of carburetted hydrogen, 
yet contains a percentage of pure hydrogen, of bi-carburetted hydrogen, 
and of carbonic oxide, all of which are the best inflammables for the 
generation of steam. 

Not only are these valuable heat-giving commodities lost, but it 
would have been better had they not existed in the coal, as their 
production renders latent a large amount of heat, which at times almost 
paralyzes the effective operation of the furnace. 

When a fresh supply of coal is put on a briskly burning fire, the 
first thing that takes place is that the coal softens and swells, attended 
with the evolution of a large quantity of- carburetted hydrogen gas, 
requiring for its combustion a correspondingly large supply of 
atmospheric air, — the coal undergoing, in fact, in the first stage of 
combustion, just the same process that it does in the retort in the 
manufacture of gas, which in the latter case is preserved and found 
so useful as a commodity, but which here escapes unconsumed up the 
chimney. 

It not only furnishes no heat itself, but abstracts from the 
heat arising from the combustion of the carbonaceous parts of 
the fuel the heat for its own gasification — a circumstance which 
readily explains the fact that more heat is practically obtained in 
many furnaces by means of coke (or in other words coal deprived 
of about one-third part, by weight, of that portion of its com- 
bustible matter which is richest in furnishing material for heat) 
than from coal in its pure state, with all its hydrogenous portion 
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From the same cause — viz., the imperfection of our furnace% — the 
commercial value of coal is often in inverse ratio to the quantity of its 
bituminous constituents, and its real heat-giving powers, had we the 
capacity to render them available. It cannot, in fact, be otherwise ; for 
a furnace, immediately after a supply of fresh fuel, requires more than 
double the air it did the instant before, while we have no contrivance 
for furnishing such a supply ; although without it, throughout the time 
during which gasification of the hydrogenous portions is going on, more 
than half the fuel consumed is wasted and passes off unbumed, becom- 
ing thereby, not only totally unproductive in itself, but absolutely an 
agent of evil, by robbuig the furnace of the heat absorbed in its own 
gasification. 

When too limited a supply of air is admitted for the complete 
combustion of either carburetted or bi-carburetted hydrogen, the 
hydrogen unites with the oxygen and is converted into water, while the 
carbon is deposited in the form of smoke or soot ; or it may find sufii- 
cient oxygen to become converted into carbonic oxide, and partly into 
carbonic acid. 

When carburetted hydrogen is kindled, and just as much oxygen 
admitted as will consume its hydrogen, the carbon does not bum at all, 
but is sent off in the form of smoke or deposited in soot. 

After the volatile hydrocarbons have been driven off, the supply of 
air demanded is very much diminished ; and, after the body of coke has 
become thin on the bars, the passages for air may become so large 
that a great excess is admitted, which retards the rapidity and 
intensity of chemical action by its cooling effect, and also absorbs heat 
in passing through the fire chamber, so as to lower the general tempera- 
ture, and thus prevent the rapid generation of steam. 

There is another difficulty in the way of furnishing a due supply of 
air from below the grate. As the volatile matter is expelled, the 
process of " coking " commences, and continues until a mass is formed 
almost impervious to air ; so that its passage into the furnace through 
the grate is in a great measure cut off. The same difficulty is expe- 
rienced in using coal of a smaller size, shavings, saw-dust, tan-bark, etc. 
The heat will drive off the inflammable gases, and, as little or no air 
can pass through the solid mass from below to mingle with them, they 
are lost. Even after the coal gas has been driven off, an insufficient 
supply of air will cause the formation of carbonic oxide. Thus it 
appears that the first indispensable requisite to complete combustion, 
viz., a supply of air proportionate to the wants of the fuel during the 
different stages of the process, cannot be furnished by a furnace of ordinr 
ary construction. 
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The Air Cannot Reach the Gas in a State of Purity. Let us 
now inquire how far an ordinary furnace will satisfy the second con- 
dition, viz., the supplying of pure^ uncontaminated air to all portions of 
the fuel, whether solid or volatile. A very simple illustration on this 
point will suffice. Hold a small piece of paper over the chimney of a 
common kerosene lamp — it will not ignite. 

Why not ? Not for the want of heat ; not for a deficiency in the 
supply of air, for there is a rapid current constantly passing through 
the chimney ; but because the air has given up its oxygen to the hydro- 
carbons which come from the oil. This air will not support combus- 
tion, as it consists chiefly of nitrogen and carbonic acid. Would any 
one think of using this to support combustion in another lamp ? But 
would it be any more unphilosophical to do this than to use the air 
which has been vitiated by passing over incandescent carbon for the 
combustion of a large amount of coal gas ? 

But this is just what is done in ordinary furnaces, and, instead of the 
volatile portion being burned, it is diiven off unconsumed, oftentimes 
accompanied by a huge volume of dense smoke. If kindling wood be 
thrown on top of a fresh charge of coal in a common stove, it does not 
take fire, because the air which has passed through the mass of coal has 
lost its oxygen ; even a small piece of paper can scarcely be lighted. 
How, then, can we expect that there will be a sufficient amount of air 
present to burn a large volume of gas ? 

Velocity of the Air Through the Furnace. A furnace which 
consumes only two hundred pounds of coal per hour requires for the 
gaseous portion of the fuel alone ten thousand cubic feet of air^ and this 
is to be thoroughly mingled with one thousand feet of coal gas. 

As the grate is constantly kept covered \\\i\\ coal, all this large 
volume of air must pass between the lumps of coal ; consequently the 
velocity of the current must be greatly increased to supply the required 
volume. 

It is estimated that the quantity of air passing through an ordinary 
fire chamber may be regarded as double that which is absolutely 
necessary for combustion ; and the proportion of carbonic acid generated, 
therefore, is but half of that which it would l)e, were all the oxygen 
combined. The increase in weight in such burned air of the tem- 
perature of 212° being taken into account, it will require fifty-seven feet 
per second for the required velocity in a chimney one hundred feet high. 
This estimate is overrated, as there are many circumstiinces which have 
a tendency to diminish the velocity. But Dr. Ure found by experiment 
that the velocity in a chimney only forty-five feet higlu ami with a 
mean temperature as low as 270°, was between six and seven feet per 
second. 
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It requires a long time, at least several niiuutes, for a mere jar full of 
gases to become fully mingled, and that, too, when free from all di8turl>- 
ing influences. How can we resist the conclusion that it is impossible 
for the larga volume of heterogeneous gases to mingle in the furnace, 
while moving in the same direction at the rapid rate we have seen ? 

How Coal Gas Escapes Combustion. The heated and rarefied 
coal gas rises, as it is generated, by its own levity, the air rushes up to 
fill the vacuum, and hence these masses cannot come in contact except 
in strata ; for, by the law governing the motion of bodies, matter put in 
motion by one force cannot change its direction except by the applica- 
tion of some other force. Therefore it is evident that the rapid 
velocity of the currents in a furnace are antagonistic to the lateral or 
circular motion which is essential to diffusion. 

The junction of the MissLssippi and Missouri Rivers forms a striking 
illustration of the effect of currents in obstructing mixture. On 
account of the mineral matter which each has in solution, the water of 
each is sufficiently colored to distinguish one from the other, and these 
waters run side by side in the same channel for miles before they blend. 

Mixture Incomplete in Ordinary Furnaces. The difficulties of 
duly mixing the air and coal gas were fully illustrated in the last 
chapter; and if we consider that the air in an ordinary furnace is 
admitted only at one ai)eilure, and moves at a rapid rate in the 
same direction as the coal gas, we can readily pei-ceive the impossibility 
of bringing about that intimate association of atoms which the inexor- 
able laws of chemical association demand. 

From the foregoing facts and illustrations we arrive at the following 
conclusions : — 

1st. That during the combustion of bituminous coal and many other 
varieties of fuel large volumes of inflammable gases are generated. 

2d. That when these combustible hydrocarbons are intimately blended 
with a proper volume of pure air, and the mixture heated to a tempera- 
ture essential to ignition, their elements enter into chemical combination 
with oxygen, producing a large volume of flame and a high calorific 
effect. 

8d. That the volume of inflammable gases is by far tlie largest just 
after a fresh charge of coal is added. 

4th. That this additional quantity of coal obstructs the passage of air 
through the grate, so that there is an inadequate supply. 

5th. That this deficiency causes the escape of pure hydrogen, an 
invisible combustible gas ; of carburetted hydrogen, an invisible com- 
bustible gas ; of carbonic oxide, an invisible combustible gas ; of bi-car- 
buretted hydrogen, an invisible combustible gas ; or the hydrogen of 
w these compounds of carbon and hydrogen may be consumed, and the ^ 
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carbon changed from the invmiLle state of gaseous conihination with 
hydrogen to a blac^k, pnlvenilent form called smoke. 

6 th, That smoke may I)e produced by the ad miss ion of too much 
air at a low tempemture, at* well as too little at a low or high 
temperatuie, 

Tth- That ill furnaces^ as ordinarily constructed, the air can reach 
these inflammable giLses only Ijy passing tlirougli the highly incandescent 
and ignit-ed earbm, by which a portion or all oi its hydrogen m con- 
verted into carl>onic acid, 

8ih< That tlus renders it incai>able of effecting the combustion of the 
inflammable gases mentioned, whatever may l>e their temperature or 
however abundant may seem to be the suiJi>ly of air* 

9th- That even though a proper supply of pure air could jwiss througli 
the grate to the intlanimable gases, the time allowed by the current 
does not j)ermit that thorough mixture required for chemical union 
between the oxygen and the inflamnmhle gases before they have |Missed 
l>eyond the tenq^erature essential for ignition, 

10th. That this circuniHtance will occasion tlie loss of all the inflam- 
mable gcises. 

Itth. That the coke, or solid i>ortion^ and those varieties of fuel 
containing little or no volatile matter require that every part of the 
buniing maws shall come in contact witli pure air, 

12ilu That in onlinary furnaces this is impossible, aa the upiier 
|K)rtion can receive only contjiminated air — air wliich has given up a 
portion of its oxygen t<j be converted into carbonic acid* 

18th. That if there be a deficiency in the sui?ply of air in any j)ortion of 
tlie burning niivss, carlionic oxide^ instead of carbonic acid,, w^ill Ite 
the result^ and even the carlxmic acid wliich is produced in those pai'ts 
of the fire chamljer which have a due supply of air will, in passing over 
the heated fuel, lie converted into double the volume of carbonic oxide, 
and escape uncousumed. 

14th. That whenever the escape of any combustible gas from the 
furnace occurs, t^vo losses at least are sustjiined. First, the furnace is 
robljed of a large amount of heat required to niise this j)ortiou of the 
fuel from a solid to an aeriform state. Second, all the calorific effect 
will be lost Aviiieh would have been produced had thewe inflammable 
giiscs entered ijito chemical union with oxygen. 

15th. That the loss sustained in the fonn of smoke is verj- small iu 
compariiion to that in the form of invisible gases, carburetted hydrogen, 
bi-earbui^etted hydrogen, and carlwmic oxide, 

16th, That when pure hydi-ogen is allowed to escape at a high 
temperature it sometimes combines with nitnigen, producing a gas 
called ammonia^ which h more dfafrm'tiiY ff* fin' than irutfr it>(eH\ 
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How These Losses May Be Prevented. Numerous inventions 
have come l)efore the puhlic for effecting " the combustion of smoke and 
securing economy in the use of fuel." 

Our space does not [Hjrmit of an extended examination of all their 
resixjctive claims. So far as our acquaintance with them extends, 
most of them are founded on the erroneous idea that., if they can pa»* 
the smoke (combustible gases, they mean) over intensely heated bodies, 
it will be consumed. 

While it is a leading condition of the combustion of any gaseous body 
that it l)e mingled with a proper supply of oxygen at a given temper- 
ature, nevertheless these inventors have gone on the supposition that 
heat alone will effect their combustion ; but, as has been shown, no degree 
of heat can consume carbon, carburetted hydrogen, or any other solid 
or gius. Indeed, heat has nothing to do wth their combustion only so 
far as to induce chemical action between combustibles and the sup|>orter 
of combustion, when brought in contact. 

Heat may effect a decomposition of fuel, but decomposition is not 
combustion. Heat may cause visible smoke and invisible carbonic acid 
to combine and produce mvisible carbonic oxide, and thus the smoke 
appeal's to be consumed. 

But this is not combustion ; it is a heat absorbing rather than a heat 
producing process. Because hot bars of iron or "red-hot" fuel or 
"glowing coals" will burn a boy's fingers or a cat's nose, it is not a 
logical conclusion that it will burn carbon or carburetted hydrogen. 

Any method that will bring any of the combustible products of imper- 
fect combustion into chemical union with oxygen will prove efficient in 
correcting this evil. 

But why create an evil and then devise a remedy ? Why not first 
find the condition necessary for perfect combustion, and construct a 
furnace whicfh shall meet these conditions, instead of half burning the 
fuel, and then undertaking the difficult task of burning the combustible 
products of an imperfect combustion f 

When the flame of a lamp is dull and red, and sends off a volume 
of black smoke, do we set ourselves to work to bum that smoke ? Who 
ever heard of a lamp burning its own smoke ? When petroleum first 
came into use, it could not be burned in an ordinary lamp ; it sent off 
a dense volume of smoke, and created an intolerable odor. The cause 
was ascertained, and the construction of the lamp so modified as to 
render its combustion so complete that it is now regarded one of the 
finest illuminatoi-s in the world. 
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RECAPITULATION. 

The aim throughout this review has been to point out to the 
practical man the principles on which alone the complete combustion of 
fuel can occur, and we again assert that the greatest economy in its use 
can be secured only when the scientific conditions of the process are 
clearly understood^ and made the foundations of practice. These condi- 
tions have been defined and illustrated by the diagrams. 

There can be no doubt as to the fact that the average temperature of 
a mixture of air and coal gas in the furnace is higher when it is fed with 
air at 500° than at 60°; and, since a high temperature is indispensable 
to combustion, we naturally arrive at the conclusion that heated air 
would be more efficient in the process. 

We have now only room for the following conclusions : — 

1st. It has been shown that it is impossible to pass a sufficient 
quantity of air through the incandescent carbon of the grate for the 
complete combustion of the volatile portions of the fuel. 

2d. That the admission of a large body of cold air over the surface 
produces too powerful a refrigerating influence to insure the complete 
combustion of the inflammable gases. 

8d. That in heating the air previous to its introduction into the 
furnace, it necessarily becomes rarified. 

4th. That while a given volume of rarified air contains a smaller 
number of atoms of oxygen than the same volume of condensed air, yet 
it has been shown by experiment that, within certain limits, the more 
rarified the air, the more complete the combustion. 

6th. That this more complete combustion in rarified air is chiefly due 
to the greater mobility of rarified gaseous bodies, which must produce 
a more rapid admixture of the air with the combustible gases than would 
otherwise take place. 

6th. That while this increased rapidity of mixture causes a diminution 
of light, yet it has been shown by experiment that the calorific power 
of rarified flame is not diminished but increased. 

7th. That by the introduction of heated air in small jets over the 
surface of the fuel, a sufficient supply of oxygen may be admitted, a 
much larger contact surface given, a powerful refrigerating influence 
avoided, a more rapid mixture arising from the increased mobility of 
the particles obtained, and consequently the whole process of combus- 
tion quickened in intensity and rapidity, and rendered more complete. 






rZ 




Digitized by 



Goo 



10-2 



Heat; Its Sctskce* Productiok, akd Appucatiok. 



^^■^■^^i^ 

^ 




^ 



103 



The Warming and Ventilation of Buildings. 



t 



^ 



The Jarvis Furnace and Boiler Setting. The characteristics of 
this setting show a careful study of not only the scientific problems 
involved in the burning of fuels, but also the more difficult work of 
treating the fine and slack coal, in general a waste product, and securing 
a high duty therefrom. The general idea of their arrangemt^nt api>ear3 
to be much the same as those suggested and employed by English 
engineers. 

The Jarvis furnace and setting, as applied to steam boilers, is 
without doubt the survival of the fittest of the many plans whicli 
have from time to time been added to the patent list, and, unless 
we can see and reach further, and escape all hand firing, — peraonal 
tinkering with the supply of coal to the grate, — this is doubtless the 
best and simplest remedy that can be applied to the average shell or 
tubular boiler of to-day. 

Briefly, the plan is a peculiar way of laying the side and bridge walls 
to fonn flues through which the air for supplying the fire afwve the 
gi-ates is drawn, the principle being that what the fire needs, in addition 
to air through the grates, is pure hot air discharged on top the burning 
fuel, to mix with the gases generated above the grate. 

The air heated in its transit through the piissages is discharged in jets 
through fire brick plates on the side of the furnace and at tlie britlge 
wall, and, when it comes in contact with the gases, immediately burnt^ 
forth into flame with intense heat, resulting not only in large economy 
of fuel, but also increased capacity. 

It will be noticed tliat these air chambers are in the side o[ the fii*e 
chamber, and the interior wall is perforated fire-brick througli whiih the 
air passes- This meets the second condition for perfect combustion, 
viz : That every part of the burning mass, whether solid <)r giiseou^, 
must be brought in contact with pure air — air uncontaminated with the 
prodiicts of combustion. By this arrangement the combustible^ gases and 
ignited carbon are inside, and pure air surrounding these on the ontaide, 
while the hundreds of orifices serve to bring these elements ia contact 
with each other, and at the high temperatures necessary for chemical 
union and perfect combustion. 

One of the most important advantages gained by the use of this f ur^ 
nace is the large increase in the capacity of the boilers to make more 
steam and do it quickly. 

This is substantially the condition described and illustrated by the 
apparatus of Sidney Smith, to which the following description was 
originally applied by Dimond, including the chapter on the proper 
construction of furnaces — passed forward to make room for the pul- 
verized, liquid, and gaseous fuels. 
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The essential condition for [>erfect combustion is here met ; namely, 
that the suj^ply of air is regulated by the demand. No more air will 
enter through any one orifice than can be absorbed by the gas with 
which it comes in contact. This is a very important pointy because 
an excess of air, beyond what is absolutely required for chemical 
union, must have, an injurious refrigerating influence ; but when all the 
oxygen of the air which passes through the perforations enters into 
chemical union, heat is constantly developed, so as to overcome the 
cooling effect of the air. 

By jmssing the air ui by jets, minute currents are created at those 
points where it is the hottest, — these of course are where combustion 
has already commenced. The heat also causes the combustible gases to 
rush towards the jets of flame, to take the place of the rarefied products 
of combustion wliich are constantly driven away by the current. 

When a fresh charge of fuel, containing any considerable portion of 
volatile matter, is added, a sufficient supply of inflammable gases is 
produced to cause the whole interior of the fire chamber to become filled 
with streams of flame, while sufficient air is admitted to the solid portion 
to keep it in a state of intense incandescence. 

The interior of the fire chamber becomes highly heated, and in a short 
time the heat is communicated, both by conduction and by mdiation, to 
the air chambers. The cold air, in passing into these chambers, comes 
in contact with a large surface of heated material, and consequently 
becomes evenly and moderately heated. It now passes with consid- 
erable force through the perforated walls, and impinges against and 
mixes with the gases thrown off from the heated fuel on the grate. 

I have given these improved settings for hand firing and mechanical 
stoking prominence and illustration as the best remedy for the crude 
and impractical boiler setting commonly employed, and for the signal 
economy that may be reached while using the fine and slack coals of the 
hard and soft variety, at about half the cost of lump coal. 

I may, however, here remark, that the best results would be attained 
in the Jarvis, and in similar settings using slack and fine fuels, by the 
employment of a forced dmft in the ash pit in preference to creating the 
necessary draft by the use of a high or a hot chimney. 

For many other applications of air, hot and cold, to tlie furnaces of 
steam boilers, see "Fuel: Its Combustion and Economy," D. Van 
Nostrand, N. Y., 1879. 

Laying aside possible imperfections of construction or a failure to 
obtain intelligent management and care, it should be clear to the 
practical reader that tliis construction of furnace will meet the pre- 
1 fc^ scribed and desirable conditions in the following order : — ^ 
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1st By giving complete control, in resi^eet to quantity, over the 
admission of the air to the solid or carlx)naceous portion of the fuel, 
which serves to regulate the volume of the gas set free in any given 
time. 

2d. A similar command over the admission of the air to tlie gaseous 
l)ortion. 

3d. The air is introduced to the entire gaseous, as well as the upper, 
I)art of the carbonaceous portion of the fuel from a chamber wholly 
unconnected with the ash pit. No deterioration, therefore, of the ah* 
can take place by a loss of a portion of its oxygen or by its becoming 
mingled with the products of combustion, thus completely overcoming a 
very serious impediment to complete combustion that exists in the 
ordinary furnace. 

4th. The air is introduced at ri(/ht angle% to tlie ctirrent of com- 
bustible gases, which overcomes the obstruction to their incori>oi*ation 
with air, arising from their rapid upward motion. 

5th. By introducing the air in jet%^ it acquires a momentum which 
enables it to penetrate the mass of combustible gases in the fire chamber, 
thus materially assisting the process of diffusion. 

6th. The air, passing in jets at right angles to the ascending currents 
of combustible gases, also serves to overcome the impediment to the 
complete mingling of the air and gases which arises from the vary- 
ing specific gravities of the different aeriform lx)dies found in the 
furnace. 

7th. By restricting the admission of air to small streams, no great 
excess of air can reach any portion of the gas beyond what is required 
for perfect combustion, thus preventing any serious cooling effect from 
the introduction of air into the furnace. 

8th. By admitting the air in streams, the largest possible surface is 
presented for the diffusion and mutual contact between the atoms of the 
combustible gases, thus completing the required mechanical mixture 
before either has passed the region where the temj)ei'ature Is too low for 
chemical action. 

9th. By passing streams of air over the entire surface of the flame 
bed, an excess of heat is prevented in any one locality, and a longer 
extent of available flame is also given to the boiler. 

10th. The heat, which in furnaces of ordinary construction is lost 
at the sides, both by conduction and by radiation, is in tliis arrange- 
ment used in heating the air previous to its introduction into the 
furnace. 

It should be clear to those at all used to the working of fires that a 
furnace which will suit admirably for one kind of coal will not answer 
for another; each fuel must be separately considered. 
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Sidney Smith in 1876-77 did some important experimental work in 
the way of effecting more complete combustion in furnaces, and was 
really the promoter a7id moving potver behind Professor Dimond^ who 
wrote the treatise^ ''^Chemistry of Combust ion ^^"^ referred to in our Intro- 
duction and in the letter of Mr. Smith to the author. 

The principles of combustion which Ami Argand applied to the lamp 
Mr. Smith applied to the furnace, and constructed a fire chamber 
presenting a large surface for contact between the atoms of combustibles 
and of the air. By the use of fine coal in his experimental apparatus 
heat was obtained of sufficient intensity to melt iron. 

It is proper here to remark that the invention was exhibited at the 
Worcester County Mechanics' Association September, 1886. The 
following from the report of the judges may interest those who desire to 
know how far this attempt to harmonize theory and practice was 
successful : — 

" From the experiments made in our presence with stoves and boiler 
furnaces, the committee cannot resist the conclusion that the principles 
of perfect combustion theoretically and practically have been satis- 
factorily demonstrated. The committee awards a silver medal^ 

Sidney Smithes Method of Effecting the Complete Combustion of Fuel 
by the Admission of Air to the Fire Chamber in Small Jets. 
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The fire chamber is represented witli tlie trap closed. A portion of each of the 
three perforated waUs is removed, showing the interior of the fire chamber, the grates, 
and the spaces between tlie waHs. B is the interior waU. C is a wall of thin metal, 
more finely perforated than B, and surrounding it at a distance of about three eighths 
of an inch. This is kept in place by a flange on the base and cap of the fire chamber. 
D is a second wall of thin metal with perforations still finer than those of C. This is 
separated from C three eighths of an inch, and kept in place by a second flange on 
the base and cap. This gices three per/orated walls with air chambers beticeeuy entirely 
surrounding the fuel, and through which air is admitted for combustion. 

Note — Mr. Smith continues liis work at 61 Oliver street, Boston, Ma^s., on the steam boiler fur- 
nace, latterly by auxiliary coils, which, while largely increasing CTaporation, duly arrests the 
depositg and sediments, so injurious to all classes of boilers. 
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EFORE leaving the solid fuels and the fine or slack coals, a 

further review of the soft or bituminous variety seems desirable, 

and its connection with furnaces especially designed to utilize 

this coal, and at the same time abolish the smoke nuisance, — for 

which there is now no longer an excuse. 

There are several conditions of co«al not in the lump or solid state, 
and other substances available for fuel to-day, not considered by Dimond, 
but to which his principles of combustion equally apply. These and 
the liquid and gaseous fuels, being of the first importance and interest 
to all engineers and students, will be considered. 

In England this matter has been the subject of frequent parliamentary 
investigation and dLscussion. There, about thirty millions (30,000,000) 
of tons of coal are mined annually and raised to the surface to be 
thrown away, or to be burned in heaps to be gotten rid of. In this 
countrj' this waste amounts now to about fifteen million tons annually. 
Every one who has visited our coal mines has seen with surprise the 
vast accumulations of waste coal, broken too fine for use by the present 
methods, wliich encumber all the mining districts. 

THE USE OF PULVERIZED COAL IN GENERATING STEAM. 

As eveiy fuel has the power of generating by combustion a fixed 
quantity of heat, a quantity which it is impossible at present to 
convert into its maximum useful effect by any method, the problem 
therefore becomes a question as to what is the method that will enable 
us to approach most nearly to this maximum useful effect. Part of the 
potential heat is never developed, because not all of the carbon and 
hydrogen can be oxidized, or, rather, peroxidized. Part of the heat 
developed by combustion is carried out at the chimney, and lost alto- 
gether, thus failing to exert any useful effect by absorption into the 
boiler. Part of the heat absorl)ed into the boiler is lost by radiation 
from the external shell before it can be converted into work in the 
steam cylinder, and so on, each source of loss being very serious, and 
robbing the engineer of a large percentage of his resources. 
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EngliHh engineers and experinientei-s early gave this matter their 
attention, and many plann and exi)erimente were tried to secure smoke- 
less chimneys and a greater economy in the use of soft and bituminous 
coal. 

The question of improvement in the setting of boilers and the con- 
struction of furnaces was early advocated by Charles \V. Williams and 
several contemporaries in England, 1850 to 1860 and almost every 
variety of change of furnace, construction and application of air, was 
tried, with moi-e or less success. 

As showing the general understanding of intelligent engineers, even 
thirty years ago, C. W. Williams wrote : — 

**I i)erceived the absence of any well-founded principle in the con- 
struction of the boiler — that the part on which most depended appeared 
least understood and least attended to, namely, the furnace. 

*' I saw that although the great oj)erations of combustion carried on 
in the furnace, with all that l)elongs to the introduction and employ- 
ment of atmospheric air, were among the most difficult processes within 
the range of chemistrj', the absence of sound scientific principles still 
continued to prevail ; yet on these must dejHJiid the extent or perfection 
of the combustion in our furmvces. 

" Wliile every other deijartment was making progress, all that belongs 
to the combustion of fuel, the prevention of smoke, and the wear and 
tear of the furnace remained in the same »tat%i9 quo of uncertainty and 
insufficiency; and even that boilers and their furnaces constructed 
within the last few years exhibit still greater violations of chemical 
truths, and a greater de[>arture from the principles on which nature 
proceeds. As much uncertainty as to success of a new boiler has 
prevailed as when I first began oj)erdtion thirty years ago, and few 
boilei-s exhibit more in the way of effecting i)erfect combustion or 
economy of fuel than those of any former period since the days of 
Watt." 

As further exemplifying tlie uniformity of all writers as to the 
requirements of fm-nace construction, and the elements to be chemically 
treated, we may cite Williarm^ Lon(jridf/e^ Richardson^ Daniels, Wilson^ 
and Clark, of the English engineers, while Dimatid, HaswelU Barr, 
Tmver, and Thurston have written for American readers, all taking the 
same ground, and asserting tliat the conditions within the furnace are 
tliose defined by chemistry and chemical combinations. The same view is 
held of tlie liquid and giuseous fuels, and all success in the application 
of oil and gas have Ixicn, and will continue to be found, where the 
chemical combinations of each fuel have been first considered and practically 
provided for. 
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As we have seen, the conditions uihIlt which coke and 
anthracite coal enter into combination with oxygen are much less 
complex than in burning bituminous coal. The |H>ii:t to be observed 
is, that a large quantity can be kept on the Iku-m, lliei-e being not so 
much danger of the carbon passing away without its supi>iy of oxygen. 
In bituminous coals the bituminous portion is only serviceuble for heat 
when converted into gas, while the carbonaceous [jortionj^ are consumed 
only in a solid state ; and they must be separated, a^ explained^ before 
they can be consumed. 

Thus, when coke or anthracite coal is burnett the products are 
carbonic acid gas and nitrogen ; while, with bitiuninous coiil, we have 
carburetted hydrogen and nitrogen and carbonic acid gjis or oxide. 

Much attention has been given to this subject and many experiments 
made to test the conditions under which the fine bituminous coals 
could be advantageously burned. 

The most of these, and cei'tainly the successful efforts, have Ijeen in 
the line of mechanically fed and tended furnaces, uv iiiccluiiiicai atokera, 
as they were called in England, where the idea originatetl. 

There are many objections to hand-firing wlien taken in connection 
with steam-boiler furnaces. In order to get the Ixist insult** fioni such 
a furnace, the firing should be as nearly constiuit as iK)ssible, in order 
that chemical action may go on undisturbed. 

Hand-firing must, from its nature, be intermittent, and therefore 
irregular. When the fire is brisk and a boiler wteaniing nipidly, the 
opening of the furnace doors, in order to admit a fresli charge of 
fuel, and thus allowing a draft of cold air, oft*^n l>elovv the fix?ezing 
point of water, to impinge against the heati^d j^lat'es of the boiler, 
at the same time lowering the temperature of the gases in the 
furnace, and, added to this, the deadening of a brisk fire by a fresli 
charge of coal, always in excess of actual rei[uireiiient^ and too 
often unevenly spread, is certainly not conducive to tlie highest 
economy. 

The advantages of continuous firing were ]>ointed imt early in the 
present century, and a great number of devices Iiave iR^cn tried fi'om 
time to time, many of which have long since disappeared to give 
place to better contrivances to this end. 

There have been several attempts to secure the intmductioii of tne}/ 
into the furnace by mechanical means, ending in the i*lea of reduciHj 
the coal to powder in order to get a regular su[>ply and at the 
time an intimate mixture and contact between the fitie mrfnm 
oxygen of the air^ on ivhich the coal was floated or bhwn into fhf^ 
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* It appears that Mr. John Bourne was the first publicly to advocate, in 
his patent of 1857, the use of coal or other fuels in the form of dust, 
for the genemtion of heat in furnaces. Aware that the more intimately 
and equally the mixture of fuel and air for combustion can be effected 
and regulated, and that necessarily the smaller the constituent 
particles of the fuel can be rendered, the more effectively and promptly 
can the desired mixture be accomplished, he says, in the edition of his 
*' Treatise on the Steam Engine" published in 1861, page 358: "It 
appears to us that the fuel and the air must be fed in simultaneously, 
and the most feasible way of accomplishing this object seems to be in 
reducing the coal to dust, and blowing it into a chamber lined with fire 
brick, so that the coal dust may be ignited as soon as it enters." 

Mr. T. R. Cmmpton, as early as the year 1868, instituted a long 
course of experimental investigations into the best means of generating 
and applying heat from the combustion of powdered coal. 

" It is not only necessarj-," says Mr. Crampton, " to have the means 
of bringing together at will the proper equivalents of air and coal to 
insure perfect combustion, but it is essential that the size of the coal 
should be determined, and that it should, during its flotation through 
the furnace, be so conducted tliat any overcharged and undercharged 
currents of air and coal sliall be continually reintermixed until the 
whole of the carbon is consumed." 

In delivering a mixed current of air and coal dust through a pipe, it 
was discovered by Mr. Crampton that at times, although an absolute 
mixture entered the pipes, conveying the coal and air to the furnace, 
yet, under certain circumstances the materials became separated, — more 
particularly when they had to pass through bends, — the coal being 
caiTied by its superior momentum to the outer part of the interior of 
the bend, and being thus led to issue from the pipe into the furnace, 
as a close stream unmixed witli air. To compensate for this tendency 
to separate, Mr. Crampton, in his experiments with fixed combustion 
chambers, introduced the currents by several inlets inclined downwards, 
so as to strike the floor of the chamber, and to impinge upon each other. 
The air and the fuel, playing over the floor, became readmixed, and 
were at once carried over the bridge into the heating chamber. 

The coal was reduced to powder sufficiently fine to pass through a 
30-sieve, at a cost for labor of 6d. per ton ; or, including all charges, Is. 
per ton. The air current was jiroduced by a fan blast. 

In the application of the new system to puddling furnaces at the 
royal gini factories, Woolwich, Mr. Crampton constructed the furnace 
in two compartments, — a combustion chamber. A, and a puddling 
chamber, B, — opening into each other. It is not the purpose of the 
author to enter into the details of construction. 

• D. K. Clark's "Fuel; Its Combustion and Economy." 
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•Stevenson's Apparatus, the invention of Mr, G. K, Stevenson, of 
Valpiiraiso, was at work when seen in EngLmd under a Coniish boiler^ 
from which the grate Ixirs had been removed, and in the furnace was 
placed a species of fije-ilay retort, the sides of which were perfomted 
with numerous holes al>out a half inch in diaoietcr. The air and 
powdered fuel were driven in together through a pijie six inches in 
diameter, a few fii-e brick being arranged in the flue beliind the retort* 
to act as a bridge wall. 

The ct»al i^^ reduced to a fine powder hy a small dis Integra ter, which 
delivers into a closed slieet-iron tank, to prevent the esciqje of dust. It 
is brought to the condition of a somewhat coarse powder, and U not 
imimlpable* 

In the base of the hopper is a small deliverj' wheel, in the rim of 
which are notches. These notches are provided with slides worked by 
a veiy simple arrangement, wlxich compels them to obey the action of 
gravity and fall to the bottom of the notches when they are at the top 
of the wheeL 

The notches then fill with coal dust, and, as the wheek revolve, the 
slides being thrust down wards, push the coal out of the notches into the 
air tunnel- The rate of delivery of the coal can thus be accurately 
fixed by regulating the 8j>eed of the wheel, which \^ diiven by frictiim 
ill a way which will be readily understood. In order to mix the ctial 
dust with the air^ a twisted plate of me till is put in the air tunnel* This 
causes a rotary motion in the current and produces the desired effect. 

The air is supplied by blower di'i\^en by belt from a lay, or couutei'- 
shaft. The ap|>aratns waj^ stiirted by lighting a iire in the retoil; 
after that has burned up, the blower is set in motion, and coal dust and 
air fed into the re toil* 

Several experiment'* have been carried out to test the value of the 
apparatus. One by Mr. T< B- Jordan lasted a little less than six hours. 
The boiler evajjomted 5,984 pounds of water from 81^ M^ith 720 pountls 
of coal, or 8.312 pounds [>er pound of coal, gross. 

THE INVENTION AND FURNACE OF MR< HOLROYD SMITH* 

This furnace may U; cil*Hl lus combining many of the requirements 
noted as desirable; his plan Wiis not, however^ a »urf*ire feeder, '"Ke 
introduced the fuel from helow the grate^ through hollow grates or 
screw t^iu^es^ each contahiing a «crcw, or worm, the turning of which 
elevated the fncl fiH>ni the Ciises tlirectly U[iun tlic grate Uxis, so that 
the volatile giuses were extracted by the incandescent fuel abovo it, 
and were burned, as fast as evolved/' 

• *' CombuAtimi of rufll.** Wm, Barr, 16T», 
, — ■ — ' — 
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THE WHBLPLY AND STORER PROCESS AND MECHANICAL 

FURNACE. 

Although this process is not at present prominently before the public, 
owing doubtless to the great changes in the fuel supply produced by the 
discovery and application of oil and natural gas, we deem it of sufficient 
interest to review briefly this method ; as, should the supply of gas 
diminish, as able geologists and engineers predict, then a process which 
will convert the millions of tons of anthracite coal waste into a valuable 
heating gas will be remembered and eagerly sought for. Their method 
consists in pulverizing the coal to an extreme degree of fineness, and 
blowing it into a combustion chamber, where it is ignited and bums in 
the air which floats it. 

ACTION OF PULVERIZER. 

Conceive an ordinary blowing fan with the following modifications : 
The box is about eighteen inches in diameter, and about the same length. 
Instead of opening at both ends, one end is tight around the journal. 
The box is divided into two chambers by a diaphragm, so that really we 
have two fans on the same shaft, and their boxes communicate by a hole 
in a diaphragm aroutid the shaft. The fan at the closed end of the box 
is in the form and function of a blowing fan. The outer fan is the 
pulverizer. 

The coal is fed into the open end of the pulverizing chamber, is caught 
by the swiftly revolving paddles and reduced to powder, and is then 
sucked by the fan through the diaphragm, whence it is expelled by the 
ordinary tangential pipe along the blast. The coal is fed in the form of 
coarse gravel ; it is delivered as fine as flour. 

By this process the fine coal now thrown aside as waste is all useful 
and valuable, for the finer the fuel the better the result. Hard coal 
does better than soft coal ; and we think that this opens the way to 
some wonderful changes in the use of fuel. The time will come when 
the crude methods of to^iay will be viewed with surprise and awe at the 
waste they entail. 

It is not proposed to obtain any more heat out of the combustion of a 
quantity of coal, but merely an increased temperature from the same 
quantity, by diminishing the volume of gas through which that heat is 
distributed. 

The economy of high temperatures over low ones (provided they are 
obtained without large increase in the consumption of fuel, and provided 
also they are not so great as to act destructively on the materials sub- 
jected to them) is vastly greater than would at first seem, and out of all 
\ ^ ^ proportion to the increase. 
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The best results are obtained with bituminous coaL In common grate 
burning, anthracite usually gives a more intense heat than soft coal, 
though its thermal equivalent is theoretically less. But in burning soft 
coal, the distillation of hydrocarbon vapors from the upper layers of the 
fire absorbs considerable heat ; and, as these are subsequently burned 
only very imperfectly and with great loss by smoke, much of the 
thermal power of this coal is lost. In the reverberatory furnace the 
long flame of the bituminous coal is required to fill the hearth, while 
anthracite would yield only an intense heat in the fire-place, and a flame 
short and of small intensity in the hearth. With pulverized fuel^ the 
full, long, abundant flame, and the great temperature due to the higher 
thermal equivalent of bituminous coal, are both realized — a fact abun- 
dantly sustained by practice, and in itself a proof that the combustion is 
more complete. 

But very good results are obtainable with anthracite, the chief objec- 
tion to it being that it requires more power to pulverize it, and that it 
does not ignite so readily. 

So long as the fuel in a solid farm is burnt on a grate, as at present, 
the constantly varying demand for the proper quantity of air can seldom 
or never be complied with ; and even though theiquantity should be sup- 
plied correctly, as far as ordinary appliances, manipulated with ordinary 
intelligence, admit, still the diflBculty is only partly overcome, because 
after the air has entered the furnace the system of combustion does not 
effect a proper mixing of the gases and air, and, unless there be an intimate 
mixture^ perfect combustion is impossible. 

Scientists and practical men of affairs have alike investigated this 
process, and it has received from them the highest encomiums. Going 
back to the early stage of coal, it is admitted that atoms of carbon form 
its basis, and, being solidified, form coal, as we know it. The process 
imder consideration reduces coal to flour and feeds it to the furnace, and 
the result is intense heat with no waste ; no unconsumed carbon goes 
out of the smoke-stack in the shape of smoke or soot or gas. 

From a circular of the Atomized Coal and Furnace Company of New 
York, we take the following figures of results. By the report of Moses 
G. Farmer, the several trials made by him gave an average economy in 
cost and amount of fuel, as compared with the vmuiI methods of firing 
under boilers of the same dimensions, of thirty-eight and one-third per cent^ 
this economy being made up of two items, — the gain in effective value 
of the fuel as an agent of combustion, and the less cost of the anthracite 
and bituminous slack used. Experiments by U. S. engineers did not 
sustain the above high result. There may also be consulted reports on 
this process by Charles E. Emery, L. R. Greene, C. E., and J. G. 
Benton, Lieutenant Colonel, commanding at the Springfield Armory. 




Digitized by 



L.oogl( 



*i 



( 



r 



114 



Heat: Its Science, Production, and Application. 



^>^ 



PLATE No. 26. 

* The Biightman Mflchanical Stoker as applied to the Regular 
Return Tubular Boiler. 
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• For other applications, see Plate, Reports of Efficiency ; also, Table of Eraporation No. 82. 
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MECHANICAL FIRING AND STOKERS IN THE UNITED STATES. 

While progress and inveutioiua fur aecuiiiig the economy of fuels 
have gone on in England and elsewhere, we have not been idle, and 
have something of merit to ghow, as the result of inventive geaiub and 
b us til e ss sagdc i t y * 

The intelligent reader of the foregoing (lages, wliile at no \om to 
untlerstaiul tlie gn^ve defects in the ortUnarj furnace construction, will 
also desire further knowledge of the improvements which have, in so 
large a meiusure, checketl the waste, while rendering available fuels of 
lower firet cost, hut of equal efficiency in the production of steam. 

Certainly, nothing will surprise the student and practical reader more 
than that a chisw of wr^rk of such iniporbince as furnace eonstruction 
filtould so long have been left and relegated to the hanths of men so 
floor ly fitted by education and occupation to either understand the 
requirements of furnace constniction or provide for them, 

PerhaiKs two third;^ of all the liorizontal tubular boilers set in this 
country get no further attention than some red and blue lines furnished 
by the aiTlntect, and the laying up of walls by the mason ; a third party j 
the founthy-nian, rimming in to sujjply fronts, grates, and fittings, the like 
of which were in use at the time Watt set Ids tii-st boiler ; the weight of 
these cai^tings being where the foundiy interest comes in and the owner's 
leaves off. True, s<jme improvement has l^een effected in the main factor, 
tlie grate l*iii*s, and many pi tents eucunil)er the list ; the motnunefit of 
the l»ai>i may l>e eonsidei-ed tlie really valuable feature secured, which 
enables the fireman to cleanse his fires without o|>ening the doors and 
chilling the gtises, while nutating liimself. 

While the shell of all kinds of wrought boilers has been greatly 
improved by the introduction of machineiy for cutting, punching, and 

riveting plates, and tlie strength of these largely increased by the 
8ul)stitutit>n of steeh also by the invention of impi-oved grates, but little 
advance liai* been made in the getting of the boiler and the comtructi&n of 
thefnrnacf; and it is safe to say that, of all operations connected with 
mechanical engineering, none of these shows up to such poor advantage 
a*4 the steam-boiler furnace and the brickwork that surrounds them ; 
while the whole pnmess of feeding and burning the lump coal under the 
avemge heating aiul power boiler is the crut^f^utt ajtd most waMrfid 
j?ror*'it8 that ej:in(s fcMfat/ ; at once a reproach to our boasted intvtiiffent'^. 
and experience of fifty years in the use of boilers and fuels generally- 

The Brightman Meelianical Stoker of Cleveland, O., and the Murphy 
Furnace of Detroit, Mich., may Ix! cited sis the embodiment of what is 
really valuable in the later constructions of mechanieally fed fcniaees. 
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These two mechanical furnaces are a radical departure from all other 
attempts, in this country at least, to abate the smoke nuisance, while 
using the soft and bituminous coals — preferably the fine slack or waste 
coal. 

The Brightman furnace is distinguished by the entire absence of the 
feeding doors used in ordinary furnaces ; the fuel is supplied in 
such a manner that the feed opening into the combustion chamber 
is kept constantly filled by the entering fuel, preventing the enti*ance 
of cold air through the feed hopper, and avoiding the periodical 
cooling^ condensation^ and tvaste of combustible gases, above referred to. 

The furnace front is made of cast iron in the usual form, with the 
exception of the ordinary feeding and ash-pit doors, which are entirely 
abandoned; that part of the ordinary furnace front below the lower 
boiler line being entirely removed. 

The grate bars are inclined at an angle of 34° from the horizontal, 
and are made with lateral projecting lugs, which overlap each 
other as shown in the illustration. By this construction all vertical 
openings through the grate are avoided, thus preventing the great waste 
which occui-8 ordinarily by the falling of fine fuel through the common 
gmtes into the ash heap below. 

The fuel entering the grate opening is delivered at the top of the 
grate bars* whence the reciprocating motion of tlie grate bars, combined 
with gravity, causes it to move regularly along the grate bars towards 
the rear of the furnace. 

All fuel on the grate bars moves simultaneously. This movement is 
positive and uniform, though it may be varied in volume and rapidity 
as the demand for steam production changes. This constant and regular 
movement insures a unifoiin thickness of incandescent fuel and an ample 
supply of air through the grate bars. The motion of the grate bars is 
longitudinal only, and in a horizontal dii'ection, and is confined to each 
alternate grate bar. This motion may be varied from one fouith of an 
inch to one inch, as may be required ; the adjustment of such variation 
being easily and quickly made at any time without stopping the 
machine. 

The constant movement of the grate bars prevents the formation 
thereon of clinkers ; ashes and other incombustible matter, with some 
unbumed fuel, pass from the inclined grate to a rear grate situated six 
inches below the rear end of the principal grate. 

The ashes fall through this rear grate to the ash pit below. The 
clinkers remain on the rear grate, their heat being absorbed and utilized 
in heating the air which enters through this part of the furnace, and by 
supplying heated oxygen promotes combustion. 
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In the Briglitniau furnace little or no mnoke is produvaJ. \\y the 
automatic feetling de%^iceti the c<.>al is reguUirlj supplied to the giute, 
the gases are generated inoderutely and uniformly^ and the Hre la 
kept at an even and sufficient tenijwniture to consume the combust iljle 
gases. The admisaiou of air req^uired to support combustiou is tmiform 
and adequate thereto. 

There have been numerous so-called smoke burners in the market^ 
some of which have been proven more or less efiicieiit in the avoidance 
of smoke ; but the experience of all users of such devices demonstrates 
that they are far from economical and of short life, and are usually 
open to other very serious objections. 

The burning of smoke is entirely imprac^ tic able* Smoke may b© 
burned, however ; so may water, fii^e, clay, fishes tos, — it is only a ques- 
tion of the intensity of the heat required. Such intensity of heat as is 
necessary to burn smoke cannot he economically applied in a Ixiiler 
funiace. It requires an unnecessaiy expenditure of fuel, is ruinous to 
the boiler and other svuToundings, and soon destroys the smoke-burning 
device itself. 

Smoke is imavoidable in ordinary fumacesj and, so long as they are 
used, just so long shall we have the smoke nuisance with us. Careful 
and intelligent fli'ing with clean lump and nut coals and an excess of 
boiler capacity may somewhat lessen this evil; but such care and 
intelligence are not usual, lump and nut coals are expensive in com- 
parison with " slack,*' and excessive boiler capacity is far from common, 
Tlie snuike nuisance can only be avoided in a practical way by the 
adoption of furnaces devised for this purpose. The Brightman furnace 
will, when properly used, do away with 1^5 per cent of the smoke, and 
will produce more steani^ burning " slack," than any flat-grate furnace 
in use can with lump or nut coal of like quality. 

The ^Titer's personal examination and use of this furnace began in 
1885, after his reconstruction of the heating and ventilating appanitue 
at the Insane Asylum at Buffalo^ N. Y* It wiis iiniler instructions from 
the Commissioners that he made an extended examination in the various 
fuels and furnaces^ both in and out of tlie state. This resulted in a 
report and recommendation of the Brightman furnace, coupled with the 
statement that at least one third of the total fuel biU might \)e saved 
yearly to the ini^titutitm. 

The coal required up to that time was some eighteen hundred tons, 
anthracite egg^ and cost never less than ff4 a ton, or a total expenditure 
of over $7,000 per year; after the reemigtru^ion ^3,992^ qt n€t gain with 
interegt^ ^8,1 80 — 46 per vent mved per yean 
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REPORT OF THE MANAGERS OF THE BUFFALO STATE ASYLUM 
FOR THE INSANE, FOR THE YEAR 1885. 

" The extensive repairs and improvements of the heating apparatus, 
which were noticed in our last report, have been continued and are now 
approaching completion. The most important change has been the 
substitution of bituminous nut and slack coal as a fuel in the place of 
anthracite coal. This involved the introduction of special apparatus for 
feeding the boilers and of a new style of grate bars. 

"After a full examination of the different methods employed, the 
committee to whom the matter was referred, acting under the advice of 
Mr. John H. Mills, an expert in steam heating, adopted the furnace 
made by the Brightman Automatic Stoker Company of Cleveland, O., 
as promising the best results at the least outlay. 

" This was placed in position during the fall months, and has since 
been in use. We are able to give the result of a trial with the new 
furnace using nut and slack, during the first three weeks in December. 
The average gain per day for the twenty-one days is $12.96, or for the 
month about $400. 

" From these facts it seems safe to estimate for the five months of the 
heating season $2,000 saved, or the entire ex|)ense of the apparatus, 
cutting boilers, and change of smoke flues." 

PROM THE REPORT OF THE COMMISSIONER, 1886. 

** The Board, in their report of last year, described at considerable 
length the changes and improvements which had been made in the 
heating apparatus of the asylum, and gave the result of a limited 
experience of a few weeks in the form of a reixMt made by the engineers. 

** This was extremely favorable, both as regards quantity and uni- 
formity of heat obtained and the economy of production. They can 
now rejK)!! that their expectations based upon this short trial have 
been more than realized in the results of the full year. In changing 
from the use of anthracite to bituminous nut and slack, and in intro- 
ducing the automatic stoker, they were promised a probable reduction 
of one third in the cost of the fuel. ThU^ however^ has been exceeded^ 
as the actiLal saving was nearly one half. Since the opening of the 
institution, including the time when only two wards were in use and 
the gradual filling up of the asylum until the whole eleven wards were 
occupied, the average cost offu^lfor the five years was $7,000 per annum. 
During the past year the total cost for fuel was $3,992.20. 

"As showing the work done by the lieating apparatus, we present 
a table from the records of the month of February, 1886. This 
shows the daily average outside and inside temperature, the total 
amount of radiating surface, the amount in use each day, and the 
amount of coal required to effect the heating." (See table No. 7 
I ]^ instead of the abridged one referred to.) ^ j 
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IX 



The Brightiuan furnaces were aiLjo introduced with the sectional 
safety Mills boilers at Springfield, new Jail and House of Correction. 
From my record book of April 18, 1887, 1 take the following data : — 

Evaporative test of 14 section No. 6 Mills boiler, run of 10 hours, 
trith Brightman mechanical stoker^ using bituminous nut and slack coal. 

Heating surface in square feet 8o8 

Grate surface in square feet 16 

Ratio of heating surface to grate surface 53.6 to 1 

Mean temperature of steam (30 lbs.) 274° 

Mean tenii)erature of feed water 40® 

Water evaporated in i)ounds 18,452 

" " " '* l>er lb. of coal, grass 9.8 

'' from and at 212° 21,958 

** " '' '* per square foot grate per hour . 115.6 

'* '* " " per square foot of heating surface . 2.2 

" '' " from and at 212° per lb. coal . . 11.14 

*' '* " " from and at 212° per lb. combust . Ii5 

Total coal used in pounds 1,880 

Ashes and waste in pounds (= 7 per cent) 125 

Total combustible in pounds 1,755 

Pounds of coal per square foot of grate per hour 115.5 

Horse power of generator, 69.7 (31 >^ lbs. of water per h. p.). 

Evaporative test of 14 section No. 6 Mills boiler, run of 5 hours, 
flat horizontal grate^ hand firing^ burning bituminous nut and slack coal. 

Heating surface in square feet 858 

Grate surface in square feet (25 per cent more than above) . . 20 

Ratio of heating surface to grate surface 33 to 1 

Mean temperature of the steam (30 lbs.) 274° 

" " of flue 540° 

" " of feed water 40° 

Total coal burned in 5 hours (pounds) 880 

Per cent ashes and waste " 8.6 

Total combustible " 810 

Pounds of coal per square foot of grate per hour 8.8 

Water evaporated in pounds 706 

** ^^ " *' per lb. of coal, gross 8.03 

" '' '' " per lb. from and at 212° .... 8.41 

" '* *' '* per square foot of grate per hour . 54 

" *' *' " per square foot heating surface . . 1.6 

*^ " " " from and at 212° per lb. of coal . . 9.56 

" " ^* " from and at 212° per lb. of combust., 10.4 

Horse power of generator, 53.4 (31 >^ lbs. of water per h. p.). 
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:|p Petroleum— Production and Transportation*^: 






fHE word '* petroleum" means rock oil, and in its present form it is 
adopted from the Latin into the English. Its equivalents in 
German are erdol (earth oil) and steirwl (stone oil) ; in French 
and other languages of Southern Euroi>e the word is pArole^ 
equivalent to petroleum. 

Bitumen. Petroleum is one of the forms of bitumen, and cannot be 
discussed historically except in connection with its other forms. These 
are — Solid: Asphaltum. Semi-fluid: Maltha. Fluid: Petroleum. 
Volatile : Naphtha. Gaseous : Natural gas. 

Solid bitumen is to be distinguished from coal in the manner of its 
occurrence, and also in the action of certain solvents which dissolve it, 
but have no action upon coal. 

Bitumen has been applied to the use of man from the dawn of history. 

The semi-fluid bitumen was used in the construction of the cities of 
Nineveh and Babylon to cement bricks and slabs of alabaster ; and the 
gi-and mosaic pavements and beautifully inscribed slabs used in the 
palaces and temples of those ancient cities, many of which were of 
enormous size, were fastened in their places with this material. It was 
also used to render cisterns and silos for the preservation of grain water- 
tight, and some of these structures of unknown antiquity are still found 
intact in the ancient cities of Egypt and Mesopotamia. 

The Pitch Lake of Trinidad is the most extensive known deposit 
of asphaltum. The lake is about three miles in circumference, and is 
dest^iibed as a mass of asphaltum, sloping to the northern sea coast. 
Although firm enough to bear a team of horses, it is still somewhat 
plastic, and it appears to be in motion towards certain points that act as 
vortices, as the trimks of trees disappear and after a time emerge at 
some distance fiom the point at which they sunk. 

Small lakes and streams of water abounding in fish are described as 
distributed over its surface, with numerous islands covered with tropical 
verdure. The asphaltum is exported from the island to the United 
States and Europe, whei-e it is used for the preparation of roofing 
materials, and in the production of mastic pavements. 

•Census Official Report, 1886. 
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The Occurrence of Petroleum in North America was noticed by 
the earliest explorers, as tlie Indians dwelling in the vicinity of the 
Great Lakes applied it to several purposes, and this brought it to the 
attention of those who went among them. Its presence as an oily scum 
on the surface of ponds and streams had long been known, and among the 
Indians this " rock oil " was highly appreciated as a vehicle for mixing 
their war paint, and for anointing their bodies ; in later years it was 
gathered in a rude way by soaking it up in blankets, and sold at a high 
price for medicinal purposes only, under the name of " Seneca Rock 
OU," " Genesee OU," " Indian OU," etc. 

The French commander of Fort Duquesne in the year 1750 writes as 
follows to General Montcalm : — 

" I would desire to assure you that this is a most delightful land. 
Some of the most astonishing natural wonders have been discovered by 
our people. While descending the Alleghany, some fifteen leagues 
below the mouth of the Conewanga and three above the Venango, we 
were invited* by the Chief of the Senecas to attend a religious ceremony 
of his tribe. We landed and drew up our canoes on a point where a 
small stream entered the river. Gigantic hills begirt us on every side. 
The tribe appeared unusually solemn. We marched up the stream 
about half a league, where the company, a band, it appeared, had 
arrived some days before. The great chief then recited the conquests 
and heroism of their ancestors. The surface of the stream was covered 
with a thick scum, which, upon applying a torch at a given signal, burst 
into a complete conflagration. At the sight of the flames the Indians 
gave forth the triumphant shout that made the hills and valleys re-echo 
again. Here, then, is revived the ancient fire-worship of the East ; here, 
then, are the children of the Sun ! " 

Late in the last century springs of petroleum were noticed in West 
Virginia, in Ohio, and in Kentucky, as explorers began to penetrate the 
country west of the Alleghany Mountains. 

The date of its discovery as an important factor in the useful arts and 
as a source of enormous national wealth was about 1854. In the year 
named, a certain Mr. George H. Bissell, a native of Hanover, N. H., acci- 
dentally met with a sample of the " Seneca Oil," and, being convinced that 
it had a value far beyond that usually accorded to it, associated himself 
with some friends and leased for ninety-nine years some of the best oil 
springs near Titusville, Pa. This lease cost the company $5,000, 
although only a few yeai-s before a cow had been considered a full equiv- 
alent in value for the land. The original prospectors began operations 
by digging collecting ditches, and then pumping off the oil which col- 
lected on the surface of the water. 

1/ 
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But Hot long after this first crude atteiupt at oil gathering, tli« Pen3i- 
sylviinia Rock Oil Company was organized^ with Prtifeasor B. Sillinuiit, 
of Yale College, iis it^ l*iesident, and a more intelligent method was 
introduced into tlie development of the oil -producing formation. In 
1858 Colonel Bnike, of New Haven, was employed hy tlie Pennsyl- 
vania company to sink an artesian well, and, after cnn^iderahle prei>am- 
tory worki on Aug. 28, 1859, the first oil vein was tapped at a de}>th 
of 69)^ feet below the aui-face ; the flow was at tu^t 10 barrels a tlay, 
but in the following Septeinl)er thit^ incneiised to 40 bfliTeb daily. 

The popular excitement and the fortunes matle and lost in the years 
foUowing the sinking of the initial well are a matter of liistory, with 
which we have here nothing to do. 

It is sufficient to say that a multitude of adventurers were drawn by 
the ^* oil craze " into this late wilderness, and the sinking of wells 
extended with unprecedented mpidity over the region near Titusville, 
and fmm there into more distant fields, ^ 

By June 1, 186:2, 495 wells had been \mi down near Titus vdle, and 
the dail}^ output of oil was nearly 0,000 Imrrelsj selling at the wells at 
from i<4 to $6 per liarrel, * 

But the tapping of this vast subterranean storehouse of oleaginous 
wealth continued, until the estimat^^d annual production wius swelled 
from 82,000 barrels hi 1859 to 24,385,966 Imrrels in 1883; in the ktter 
year 2,949 wells were put down, many of them, however, Wing simply 
dry holes. 

The total number of wells in the Pennsylvania oil regions cannot be 
given. In the yeai-s 1876-1884 inclusive, 28,619 weUs were sunk ; this 
is an avemge of 3,179 per year. During the same period 2,507 dry 
holes were drilled, at an average cost of $1 ,500 each. 

The total output of oil in the Pennsylvania regions, between 1859 and 
1883, Ls estimated at about 234,000,000 barrels — enough oil to fill a 
tank alxjut 10,000 feet square, nearly two nules to a side, to a depth of 
over 13>^ feet. 

DEPOSITS OF PETROLEUM IN THE UNITED STATES. 
Pennsylvania. In the twenty-one yearn that oW mining hajj been 
the principal industry of Northwestern Pennsylvania, there have lieen 
discovered, besides numerous minor deposits, three great basins of 
petroleum, known among oil men as the Venango, the Butler, and the 
Bratlford dmtriets. The iii'st centres on Oil Creek, Venango county i 
the second on Beaver Creek, Butler county ; an*l tlie third covers an 
area of alM>ut sixty thousand acres in the northeastern eonier of 
MeKean county, N. Y, 
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New York. In 1865 Jonathan Watson drilled a well in Ontario 
county, five miles east of Canandaigua Lake, and found there a good 
rock oil, plenty of gas, and a production of about five barrels of oil 
daily. A line drawn from this point west to Lake Erie and another 
south to the Pennsylvania line would include all the territory in the 
state of New York over which oil or gas has been obtained by boring ; 
and along the shores of Lake Erie, from the state line to Buffalo, at 
almost any point natural gas can be obtained by artesian borings. 

Ohio and West Virginia. There are three localities in Ohio that 
have yielded petroleum from an early date. These are the neighbor- 
hood of Mecca, in Trumbull county ; the neighborhood of Belden, in 
Lomin county, and Washington county. 

"The White Oak Anticlinal" of West Virginia extends from 
Newell's Run, a tributary of the Little Muskingum River, in Newport 
township, Washington county, Ohio, to Roane county, West Virginia, 
passing through Pleasantij, Ritchie, Wood, and Wirt counties of the 
latter state. 

Oil is alBO found in commercial quantities and over considerable 
areas in the states of Kentucky, Tennessee, and California, and occurs 
in Indiana, Illinois, Missouri, Alabama, Michigan, Kansas, and Louisiana. 

There are five foreign oil fields which have attracted attention 
and which have produced more or less oil in commercially valuable 
quantities. These are the region of the Caucasus, Galicia, Canada, 
Japan, and Peru. Of these, the first mentioned is altogether the most 
important, as far as present information indicates. Next may be placed 
Canada. 

The Russian districts lie in two fields, one at each extremity of the 
Caucasus. The western, on the Black Sea, is the Kouban ; the eastern 
is the Baku district, on the peninsula of Apscheron, extending into the 
Caspian Sea, and on which the city of Baku now stands. The area of 
the Kouban district is about two hundred and fifty square miles. 

The petroleum fields of Walachia, Moldavia, and Galicia lie upon the 
southern, eastern, and northern flanks of the mountain system that 
incloses Hungary from Russia and the plains of the Danube. 

The productive oil fields of Canada lie in the county of Lamberton, 
in the western part of the province of Ontario. 

Flowing wells were struck here in 1862, and some of them proved tlie 
most prolific on record, rivaling those of the region around Baku. 
These great wells were exceptional, and the average yield has been 
small. The region over which borings have proved the existence of oil 
in paying quantities is about fifty miles north and south, and about one 
hunured miles east and west, and within this i-ange Petrolia, Bothwell, 
w and Oil Springs have produced nearly all the oil. ^ 
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Tlie petroleum of Canada contains sulphur iind i» difficult to i-efine, 
but its production has been font-ered, and it supplies a lai'gc demand 
throughout the British provinces* 

The Foreign Production of Petroleum. The Riiisaian "Oil Belt*' 
may be tiuced, at intervals more or le^a remote, from the island of 
Schily-Khany, near the etustern shore of the Caspian Sea, westward 
over the pi^montory of Apse heron, and, following the line of the 
Caucasian Mountains, into the valley of the river Kouban^ which 
empties iti? waters by a lagoon into the Black Sea; thence it maybe 
traced in the same general direetion across the Ciimea and to the oil 
fields of Galicia in Austria. 

The l)elt is actively worked in the Crimea, in the valley of the 
Knul>an, Hiid on the promont-ory of Apschei'on» near the city of Baku. 
It is only at the latter point, however, that the product is sufficiently 
birge to induce the gathering of statistics. At all other points the 
jieti'oleum produced, whether gathered from springs or obtained by 
^\ elMxiring, is entirely absorbed by local consumption. 

As the avemge yield of refined petroleum fi^om Ajischeron crude 
\h aVH>ut one third, we may estimate the total crude product of that 
Held for the year 1879 at 2,500,000 barrels, or 0,580 l)arreb jier day. 
This oil is all consumed in Russia, a very little manufactui-ed for 
1 ubricatin g e x cepted . 

The largest well ever found had been jiroducing for six years in 1879t 
and had yielded during that time an average of 1,200 barrels i>er day 
— a pi-od action much in excess of any Pennsylvania well. 

The product of tlie Ajischeron field declined about 9 per cent in the 
first half of the year 1880 ; and by the end of the year the decline was 
so serious, that the j}rice which had mled for two 3'ears, with little 
variation, at 24 cents per bari-cl, advanced in the autumn to between 
$1 and ^2 per barrel ; but in 1881 production wsis so increased that the 
price fell in August to 8 cents [>er barrel of 40 gallons. 

Although illuminating oils manufactured in Russia fixmi the native 
crude product compare favoriihly with American oils, the latter have 
nevertheless been yearly imported into Russia, thougli in diminishing 
quantity ; but the fact that these import*** still conttiiue seemsi to need 
explanation, in view of the heavy duty of cents per gallon imposed 
iij>oii American oil, 

Tlie gravity of the Baku oil ranges from 20^ to 36*^ B>, tl^ere being 
verj' little of the latter grade ; and the gravity of oil taken from the 
pj[>e-line t^nks, where the product of different wells is mixed, is about 
30** B. This mixed oil gives a yield of aljout 33 pitr cent illuminating 
oil, and the residuum is usetl for fuel. No other fuel is used by steameis 
I on the Caspian Sea. Manv of the steamers on the Volga also use it. 
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The Influence of Petroleum upon Civilization. ^^The earthen 
lamps of Burmah and the rude lamiKs of Galicia were all of them little 
better than fagots or pitch kiiote. It is the advent of refined petroleum, 
at comparatively low prices, that has practically lengthened the duration 
of human life and has added vastly to the social enjoyment of mankind, 
not only among highly civilized peoples, but among the semi-civilized 
and savage nations ; in fact, wherever the white wings of commerce can 
transport it, there it has gone ; and, more, its light has penetrated even 
the solitudes of the eastern deserts and the forests of both hemispheres/' 

In 1869 M. Felix Foucou published an article in the Revue de$ Deux 
Mondes that is especially interesting in this connection. 

He says : " In the domain of the useful arts each age reveals charac- 
teristic tendencies. In the last century mankind had need to clothe 
itself cheaply. It was this that made the fortune of Arkwright, and 
the machine spinners, the sudden prosperity of Manchester and the con- 
tinental cities which imported the new method of labor. The 19th 
century has wished for light, both in the birch-bark wigwam of the 
Indian and the mud cabin of the poor Ruthenian of Galicia." 

The introduction of the most modest lamp gives activity to family 
life in prolonging the evening's labors. France has largely contributed 
to this result. The invention of Argand, which was the first progressive 
step in advance of the smoky candle wick of ancient times, arose pain- 
fully on the eve of the French revolution ; the Carcel lamp and gas are 
of but yesterday. A crowd of obscure inventors have with unremitting 
labor perfected the mechanism of lamps in order to escape the costly 
necessity of burning vegetable oils. These experiments, many of which 
were undertaken under the Monarchy, prepared the way for the success 
of petroleum ; unfortimately they came at a moment when it was pre- 
mature to dream that illumination by mineral oil should become 
universal. 

The material was at first wanting ; chemistry had not as yet furnished 
a means of extracting those precious substances from the schists with 
which they were found associated at many points ; and science had not 
yet shown the part that liquid petroleum was destined to play — of 
which a great many springs were then known. It is to the Americans 
that the merit belongs of having given this last right of citizenship 
among the industries. The native talent that led them to regard the 
useful aspect of every^thing, above all the feverish but patient activity, 
seconded so well by a hapi)y temperament, has served them marvelously 
on this occasion. The French chemist Seligue gave them the fu-st 
experiments in the basin of Autun, about the year 1832, by distilling on 
an industrial scale the schists which abound in that part of France. ^ 
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The average duration of the profitable production of an oil 
well is very uniformly estimated as five years^ but this period is subject 
to very great variations. The wells in the Colorado district northeast 
of Titusville have been pumped for twelve years, and have yielded 
constantly more than enough to pay expenses. In the White Oak 
district of West Virginia the Scott and Scioto wells, drilled in 1865, 
were being pumped in 1880. 

On the contrary, the Cole Creek division of the Bradford field had 
all been drilled over since 1879, and some of the wells were abandoned 
before June 4, 1881 ; while at the same date wells were flowing near 
Tarport, in the same field, that were drilled in 1875. As a general 
rule it may be said that the nearer wells are to each other on a given 
piece of property, the sooner they will become unprofitable. 

The proximity of other outlets appears to determine the duration of 
the flow of oil springs and wells. The spring in the island of Zante is 
known to have flowed two thousand years. 

The Beatty well in Wayne county, Kentucky, drilled in 1819, is 
still flowing, there being no other well near it 

The American well flowed oil in large quantities fix)m 1830 to 1860; 
but, after the drilling of other wells in the neighborhood, the yield fell 
off, and finally ceased altogether. It is therefore impossible for any 
producer controlling a small area to keep his oil beneath the surface. 

Jonathan Watson has, in his exi)erience, known water to run into a 
well from another half a mile distant, and in another instance red paint 
was put into one well and pumped out of another at about the same 
distance. 

The drilling of fourteen-hundred-foot wells was worth during the 
censiis year 60 cents per foot. The general estimate given by producers 
of large experience is that the total cost of fourteen-hundred-feet wells 
is about |«2,000. 

Of the oil which runs to waste no estimate approaching accuracy 
can be made. Mr. Welch says in his report of August, 1879 : — 

** It is well known that a large amount of oil went to waste in July 
on account of inability to take care of it. Early in the month there 
may have been five or six thousand l)arrels lost |>er day in this way, 
and considerable loss continued most of the time during the month." 

In his report of June, 1880, he says: — 

•* The large amount of oil being lost in the Bradford district makes 
estimates on the production an uncertain thing. The amount lost now 
is being estimated as high as ten and twelve thousand barrels dailt/.^* 
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PRODUCTION OP THE THIRD SAND OIL, SHOWING THE OIL 
WASTED AND BURNED, DURING THE CENSUS YEAR z88o. 

Barrels. 

1. Pipe line receipts 22,628,286 

2. Gain in well stocks 446,855 

3. Oil run to woBte 275,000 

4. Oil burned outside of well stocks and pipe lines 60,000 

5. *' Dump oil " and oil run to private lines 578,670 

Total 23,988,791 

There were produced, other than the third sand oil, 365,273 barrels, 
making the total production for the census year 24,354,064 barrels. 

" While it is not probable that the deposits of petroleum within the 
crust of the earth are being practically increased at the present time, 
there is reason to believe that the supply is ample for an indefinite 
period. When prophecy, indulged in even by the most sagacious 
ob.'iervers of the longest experience, proves so futile, I think I am 
warranted in expressing the opinion that, as regards the future supply 
of petroleum, the drill alone gives ample testimony. Yet this fact is 
worthy of the most serious consideration : The production of petroleum 
at present is wasteful in the extreme. No thoughtful person can escape 
the conviction that future generations will want what this generation is 
destroying to no purpose. * After us, the deluge ' is written all over 
the oil region in the destruction of forests and in the waste of the oil 
itself." 

The Paraffine Oil Industry. Mr. James Young, of Glasgow, per- 
fected the process, and established in 1847 in Derbyshire a vast manu- 
factory for treating the English minerals, incomparably richer than 
those of France, and known under the name of lx)gliead and cannel coal. 

In a few years this establishment took on an extraordinary develop- 
ment, and yielded its projectors several hundred thousand francs of 
revenue. The prospect of such profits so soon realized placed this man- 
ufacture in a reputable position. 

It extended to the United States in 1854, where it was employed on 
the Scotch bogliead, as well as on several other indigenous scliists. In 
1860 there were in America sixty-four manufactories of schist oil. The 
discovery of abundant reservoirs of petroleum suddenly arrested this 
growing industry, ruined a large number of manufactories, and led their 
projectors to change them into refineries of petroleum, that substance 
being much richer in illuminating material than boghead or cannel 
coal. 

At the date, 1860, at which petroleum was first an article of com- 
mercial importance, paraffine and pamffine oils were being produced in 
the United States and Great Britain from the so-called boghead coal, 
albertite and grahamite, together with several rich cannel coals. 
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The deposit of the boghead mineral was worked out in 1872, since 
which time the extensive piniffine oil works of Scotland liave been run oa 
shale. On the continent of Europe, in S*^xony, Thuringia, ami Anstria^ 
a verj^ extensive and valuable indiLstry is conducted with s]>ale and 
brown coal a*! the iBW material. In the United States, besides our 
cleix>sits of can n el and bituminous c{>ak of enormous extent, we have 
thousands of square miles of sliales, that will furnish millions of ban-els 
of distillate for use, after our two hundred thousand square miles of 
petroleum field a shall have been exhausted- 

The historical development of the oil industry may be summed 

up as follows ; In many regions and for immemorial periotb, petmleum 
gathered from natural springs and dug wells has been used for niedicinet 
and iu a rude way as an illuminating agent* 

In Cliina artesian wells have been iKired for brine and for natuml ga^, 
and the latter was used to lioil brine for centuries before the Christian 
Era* In the United States artesian borings made for brine had furnished 
petroleum in enormous quantities thirty or forty years iMjfore any use 
was known for svich a supply. The development of the coal-oil ijidustry 
between 1850 and 1860 led to experiments upon petroleum as a substi-^ 
tute for the crude oil obtained from coal, and with the success of those 
experiments (1859) came the demand for i)etroieum, which led to 
Drake's attempt to obtain oil directly by iKjring, 

The success attending the oil industry in Pennsylvania during the 
first four yeai-s of its existence, led to the orgjuiization of companies all 
over the world for the purj^ose of drilling test wells wherever springs of 
petroleum were accessible. In some localities they were successful, in 
others only partially so; while in the majority of instances they were 
failures, or were found inferior to the primitive dug wells. 

The continuously increaaing and enormous production of the United 
States^ and the consequent depreciation in value of all the products 

manufactured from petroleum, has led to the almost complete control of 
that trade by American manufactui'ers, CJalicia and the Caucasus l)eing 
at the present time their oidy competitors^ and that to a vei^'^ limited 
extent;' 

Since the mannfactnre of petroleum by distillation wiis comme 
there have been several separate products used for ill 
purposes. Most of the illuminating oils have been called ** 
a name which wa^ originally adopted as a trade mark by 
engaged in the manufacture of coal oils, but whitih soon 
became a designation applied to a certain class of oils used if 
lamp. 
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Refined Petroleum. The present method of distillation was 
invented about 1865. This plan consists in a slow and repeated 
distillation, which produces destructive distillation of the mediiun and 
heavy oils, converting them into oils of a density suitable for illumination 
with a production of gaseous products and the deposition of carbon. In 
order to accomplish this result, after that portion of the distillate suitable 
for illumination has been separated, the fires are slackened, and the 
vapors of the heavy oils, as they rise into the dome of the still, are allowed 
to condense and drip back on the heavy oil below, which has meantime 
been heated to a temperature above the boiling point of the oil dripping 
upon it. This practically superheats the vapors of the oil and produces 
decomposition. The effect of distillation imder pressure is practically 
the same ; the oils are distilled at a temperature above their normal 
boiling points. 

By this process of distillation the petroleum can be converted into 
naphtha, illuminating oil, and coke, with a ceiiain amount of gas either 
escaping into the atmosphere, or being burned. The illuminating oils 
may be collected into one receptacle and be made of uniform grade, or 
that proportion of petroleum suitable for purposes of illumination can 
be separated from that produced by destructive distillation, thus fur- 
nishing two grades of illuminating oil quite different in composition and 
quality ; the light oils in the crude petroleum being superior to those 
produced by the decomposition of the heavier portions of the oil. This 
method of distillation had been successfully pursued in treating the 
distillates of coal before the introduction of petroleum, but it was not 
generally applied to the treatment of petroleum in very large stills, 
until about the time indicated. 

Its successful introduction was, however, the result of an accumulated 
experience, not only in the distillation, but quite as much in the subse- 
quent treatment of the oils with acids and alkalies, especial regard being 
had to the temperature while undergoing treatment. 

The largest petroleum refineries in the country are at tide-water at 
Hunter's Point and New Town Creek, L. I. ; Bayomie, N. J. ; Point 
Breeze, below Philadelphia, and at Thurlow, below Chester, on the 
Delaware ; and near Baltimore, Md. At Bayonne, N. J., the Standard 
and Ocean refineries have piers one thousand feet in length, with suffi- 
cient water to float the largest ships, and facilities for loading from 
six to seven thousand barrels of oil per day. 

Petroleum is generally destructive to animal life, and particularly to 
insect life. Hildebrant, an African traveler, advises smearing the face 
and hands with petroleum to protect them from mosquitoes. He also 
advises the use of petroleum on horses and cattle as a protection from 
the deadly Dondorobo gad-fly. 
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It is, however, as a material forming the basis of ointments that the 
preparations of petroleum have obtained a strong hold on the medical 
profession. The preparations, cosmoline, vaseline, petrolina, etc., which 
are all essentially the same thing, have now a pennanent place in the 
materia medica. 

Pboducts of the Manufacture of Petboleum and Their Value 
During the Census Year 1880. 

Articles. Barrels. Value. 

Rhigolene and cymogene 6,868 $29,117 

Gasoline 280,555 1,128,166 

Naphtha 1,212,626 1,833,395 

inuminating oil 11,002,240 36,839,618 

Mineral sperm . . * 16,544 202,725 

Reduced petroleum for cylinders .... 26,018 871,020 

Reduced petroleum for journals .... 204,841 1,024,017 

Deodorized lubricating oils 70,415 611,572 

Paraffineoil 79,465 408,023 

Residuum 229,133 • 297,529 

13,136,714 

Paraffinewaz 7,889,626 (lbs.) 631,944 

Miscellaneous products 828,097 

Total $43,705,218 

The Yearly Production, Average Yearly Price, and Value of All .Oil 
Pbodvced fbom 1860 to Dec. 31, 1880, Both Inclusive. 

Year. ^«-^-' ""'^m^r Amount. 

1860 500,000 $9.60 $4,800,000.00 

1861 2,113,609 .49 1,035,668.41 

1862 3,056,690 1.05 8,209,524.50 

1868 2,611,309 3.15 8,225,623.35 

1864 2,116,109 9.87 20,896,576.37 

1865 2,497,700 6.59 16,459,843.00 

1866 3,597,700 3.74 13,455,398.00 

1867 8,347,300 2.41 . 8,066,993.00 

1868 3,646,117 3.62 13,217,174.12 

1869 4,215,000 5.63 23,730,450.00 

1870 5,260,745 3^ 20,503^,753.63 

1871 5,205,341 4.34 22,591,179.94 

1872 5,890,248 3.64 21,440,502.72 

1873 9,890,964 1.83 18,100,464.12 

1874 10,809,852 1.17 12,647,526.84 

1875 8,787,506 1.35 11,863,133.10 

1876 8,968,C06 2.56 22,982,821.62 

1877 ...... 13,135,771 2.42 31,788,565.82 

1878 15,163,462 1.19 18,044,519.78 

1870 20,041,581 .85 17,210,707.68 

1880 26,0:^2,421 .94 24,600,637.84 

Total 156,888,331 $334,871,063.84 

Average price per barrel for 21 years, $2.12. 
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The Transportation of Petroleum to the Seaboard.* While 
Englishmen and Americans have been alike interested in the late 
project for forcing water by a pipe line over the mountainous region 
lying between Suakim and Berber, in the far-off Soudan, few men of 
either nation have any proper comprehension of the vast expenditure 
of capital, natural and engineering difficulties overcome, and the bold 
and successful enterprise which has brought into existence far greater 
pipe lines in our own Atlantic States. We refer to the lines of the 
National Transit Company, which have for a purpose the economic 
transportation of crude petroleum from Western Pennsylvania to the 
sea coast at New York, Philadelphia, and Baltimore, and to the lakes at 
Cleveland and Buffalo. 

The problems in hydraulics presented in the construction and man- 
agement of pipe lines, particularly those lines which may be denomi- 
nated trunk lines out of the oil regions, are many and intricate, and 
required great courage on the part of those who projected the first lines 
to meet and surmount them. These men had only the quite different 
experience met in laying pipes for water to guide them. These 
problems dealt with a homogeneous fluid, flowing in pipes, laid per- 
manently on curves of large diameter, flowing slowly under a slow 
pressure, and delivered slowly. The water pressure seldom exceeded 
from forty to fifty pounds per square inch. The pipe-line problems 
dealt with a fluid varying in density and pressure with the temperature, 
flowing easily in summer and with difficulty in winter through pipes 
of small diameter, laid hurriedly, and frequently changed, often on 
sharp curves or at right angles, for rapid movement and delivery, and 
at high pressures to compensate in part for the friction due to long 
distances and rapid transmission, and small diameter of pipe, as well as 
at much greater elevations than are found in water pipes. 

As long as oil could be sold at the wells at from $4 to $10 per barrel, 
the cost of transportation was an item hardly to be considered, and 
railroad companies multiplied, and waged a bitter war with each other 
in their scramble after the traffic. But as the production increased 
with rapid strides, the market price of oil fell with a corresponding 
rapidity, until the quotations for 1864 show figures as low as 50 to 60 
cents per barrel for the crude product at Oil City. 

In December, 1865, the freight charge per barrel for a carload of oil 
from Titusville to New York, and the return of the empty barrels, was 
$3.50, To this figure was added the cost of transportation by pipe line 
from Pithole to Titusville, f 1 ; cost of barreling, 25 cents ; freight to 
Corry, Pa., 80 cents ; making a total cost of a barrel of crude oil in 
New York $5.55. In January, 1866, the barrel of oil in New York 

• Scientific American Supplement^ July 11, 1888. 
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cost #10.40, including in this figure, however, the government tax of 
*1 and th^ price of the barrel, $3.25. 

The question of reducing these enoi-mous transportation charges was 
first broached apparently in 1854, when a wiiter in the North 
American^ of Philadelphia, outlined a scheme for laying a pipe line 
down the Allegheny River to Pittsburg. This project was violently 
assailed by both the transpoi-tJition companies and the peo})le of the oil 
region, who feared that its success would interfere with their then great 
prosperity. But short pipe lines connecting the pipes with the storage 
tanks and shipping points grew apace and prepared the way for the vast 
network of the present day, which covers this region and throws out 
amis to the ocean and the lakes. 

Among the very first, if not the first, pij^e lines laid, was one put 
down between the Sherman well and the milway terminus on the 
Miller Farm. It was about three miles long, and designed by a Mr. 
Hutchinson ; he had an exaggerated idea of the pressure to be exercised, 
and at intervals of fifty to one hundred feet he set up air chambers ten 
inches in diameter. The weak point in this pipe, however, proved to be 
the joints ; the pipes were of cast iron, and the joint leakage proved to 
be so great that little, if any, of the oil ever reached the end of the line, 
and the scheme was abandoned in despair. 

In connection with this question of oil transpoiiation, a sketch of the 
various methods, other than pipe lines, adopted in Pennsylvania may 
not be out of place. We are mainly indebted to Mr. S. F. Peckham, in 
his ai-ticle on petroleum and its products in the United States Census 
reports of 1880, for the information relating to the tank cai-s immediately 
following. 

Originally the oil wus carried in 40 and 42 gallon barrels made of oak 
and hooped with iron ; early in 1866, or possibly in 1865, tank cai*s 
were introduced. These were at first ordinary flat cai-s on which were 
placed two wooden tanks shaped like tubs, each holding about 2,000 
gallons. 

On the rivers bulk barges were after a time introduced on the Ohio 
and the Allegheny. At fii-st these w^ere lude affairs, and often of 
inadequate strength; but as now built they are 130 x 22 x 16 feet in 
their general dimensions, and divided into eight compartments, with 
water tight bulk-heads. They hold about 2,200 barrels. 

In 1871, iron tank cars succeeded those of wood, with tanks of vary- 
ing sizes, ranging from 3,856 to 5,000 gallons each. 

These tanks were cylinder, 24 feet, 6 in. long, and 66 in. in diam- 
eter, and weighed about 4,500 pounds. The heads were made of 
546 in. flange iron, the bottom of 1-2 in., and the upper half 3-16 in. i 
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In October, 1865, the Oil Transportation Company completed and 
tested a piin? line 32,000 feet long ; three pumps were used niton it, two 
at Pithole and one at l-^ittle Pithole. July 1, 1876, the pijMj-line o\*'ner8 
held a meeting at Parker's to organize a pijie-line company to extend 
to the sealK)anl under the cliailer of the Pennsylvania Transj)ortation 
Comimny, but the Scli^me was never carried out. In Januarj^ 1878, 
Tlie PnKlucers' Union organized for a similar seaboai*d line, and laid 
pij)es ; but they never reached the sea, stopping their line at Tammanend, 
Pa. The lines of the National Transit Company, illustrated in our 
map, wei*e completed in 1880-1881 ; and this company, to which the 
United Pii)e Lines have Ixjen transferred, is said to have ^15,000,000 
invested in plant for the transi)ort of oil to the tide water. 

Tlie National Ti-ansit Company was organized, under what is called 
the Pennsylvania Comj)any act, alx)ut four yeare ago, and succeeded to 
the proi>erties of the American Transit Company, a corporation operate 
ing under the laws of Pennsylvania. 

Since its organization, the first-named company has constructed and 
now owns the following systems : — 

* The line from Olean, N. Y., to Bayonne, N. J., and to Brooklyn, 
N. Y., of about 300 miles. The Pennsylvania line, 280 miles long, from 
Colegix)ve, Pa., to Philadelphia. Tlie Baltimore line, 70 miles long, 
from Millway, Pa., to Baltimore, Md. The Cleveland line, 100 miles 
long, from Hilliards, Pa., to Cleveland, O. The Buffalo line, 80 mUes 
long, from Four Mile, Catt<iraugus county, N. Y., to Buffalo, and the 
line from Carl)on Center, Pa., Butler coiuity, to Pittsburg, 60 miles in 
length. 

This amounts to a total of 880 miles of main pipe alone, ranging 
from 6 inclies to 4 inches in diameter ; or, adding the duplicate pipes on 
the Olean, N. Y., line, we liave a round total of 1,330 miles, not includ- 
ing looj)s and shorter branches and the immense network of the pij>es in 
the oil regions proper. 

A general description of the longest line will answer for all, as they 
differ only in diameter of pii)e used and power of the pumping plant. 
As shown on the map, this long line starts at Olean, near the southern 
boundary of New York state, and proceeds by the route indicated to 
tide water at Bayonne, N. J., and by a branch under the North and 
East rivei-s and across the upper end of New York City to the Long 
Island Retineries. This last-named pipe is of unusual sti-ength, and 
passes through Central Park ; few of the thousands who daily frequent 
the latter spot lx»ing aware of the yellow stream of crude petroleum 
that is constantly flowing beneath their feet. 

• See followiii}; map of pi)>e lines, page 142. 
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The following tiible gives the various pumping 
N. Y., line, and some data relating to distances 
elevations overcome. 



Pamping Stations. 

Olean 
Wellsville . 
Cameron . 
West Junction . 
Catatonic . 
Osborne 
Hancock . 
Cochecton 
Swartwout 
Newfoundland 
Saddle River 



stations on this Oleun, 
between .stations, and 



Miles 
lie twee n 
Stations. 


Elevation 

above Tidis 

Feet. 

1,490 


Greuteiot 

.SlLIDTnlt 

between 

iSLitlons. 

Feet. 


28.20 


1,510 


2,4m 


27.91 


1,042 


!2,r^]0 


29.70 


911 


1.U17 


27.37 


869 


1,76a 


27.99 


1,092 


1,5;^ 


29.86 


922 


1,873 


26.22 


748 


1,854 


2S.94 


475 


1,478 


29.00 


768 


1,405 


28.77 


35 


31(8 



On this line two 6-inch pipes are laid the entire length, and a third 
6-inch pij>e runs between Wellsville and Cameron, and about half way 
between each of the other stations, "looped" around them. TIil^ i>ipe 
used for the transportation of oil is especially manufactured to with- 
stand the great strain to which it will be subjected, the mo?^t of it being 
made by the Chester Pipe and Tube Works, of Chester, Pa„ the Allison 
Manufacturing Com])any, of Philadelphia, and the Pennsylvania Tube 
Works, of Pittsburg, Pa. It is lap welded wrought-iron pijje, of sui)erioi" 
material, and made with exceeding care and thoroughly tested at the 
works. The pipe is made in lengths of 18 feet, and tlie.se pieces 
are connected by threaded ends and extra strong sleeves. The pipe 
thread and sleeves used on the ordinary steam and water pijie are not 
strong enough for the duty demanded of the oil pipe. The socket of a 
4-inch steam or water pipe is from 2}i to 2^ inches long, and in 
tapi)ed with 8 stiindard threads to the inch, straight or piinillel to 
the axis of the pipe; with this straight tap only 3 or 4 llireads 
come in contact with the socket threads, or in any way assist in holding 
the pipe together. In the oil pipe, the pipe ends and sotkets are cut 
on a taper of ^ inch to 1 foot, for a 4-inch pipe, and the socket used i^ 
tliicker than the steam and water socket, is 3^ inches long, and has 
entrance for \^ inches of thread on each pipe, and tapped wuth 9 
standard threiuls to the inch. In this taper socket you have iron to in>n 
the whole length of the thread, and the joint is perfect and equal by test 
to the full strength of the pipe. 

Up to 1877 the largest pipe used on the oil lines was 4-in*h, with the 
usual steam thread; but the joints leaked under pressure, 1,200 ptnnid 
to the square inch being the maximum that the 8-inch thread would 
stand. 
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This trouble has been remedied by the 9-inch thread, taper-cut pipe 
of the present day, which is tested at the mill to 1,500 pounds pressure ; 
while the average duty required is 1,200 pounds. As the iron used in 
the manufacture of this line pipe will average a tensile test strain of 
65,000 pounds per square inch, the safety factor is thus about one sixth. 

The line pipe is laid between the stations in the ordinary manner, 
excepting that great care is exercised in perfecting the joints. No 
expansion joints or other appliances of like nature are used on the line 
as far as we can leani ; the variations in temi)erature being compensated 
for in exposed positions, by laying the pipe in long horizontal curves. 
The usual depth below the surface is about three feet, though in some 
portions of the route the pipe lies exposed for miles dii-ectly upon the 
surface. As the oil pumped is crude oil, and this as it comes from the 
wells carries with it a large proportion of brine, freezing in the pipes is 
not to be apprehended. The oil, however, does thicken in very cold 
weather, and the temperature has a considerable effect on the delivery. 

The pumping stations are substantial structures of brick roofed with 
iron. The boiler-house is removed some distance from the engine-house 
for greater safety from fii:e ; the building, about 40 x 50 feet, contains 
from 6 to 7 tubular boilers, each 5 x 14 feet and containing 80 3-mch 
tubes. The pump-house is a similar brick structure about 40 x 60 feet, 
and contains the battery of pumping engines to be described later. At 
each station are two iron tanks, 90 feet in diameter and 30 feet high ; 
into these tanks the oil is delivered from the preceding station, and 
from them the oil is pumped into the tanks at the next station beyond. 
The pipe system at each station is simple, and by means of the *' loop 
lines" above mentioned the oil can be pumped directly around any 
station if occasion should require it. 

The pumps used on all these lines are the Worthington compound, 
condensing, pressure pumping engines. The general characteristics of 
these pumps are independent plungers with exterior packing, valve 
boxes subdivided into separate small chambei-s capable of resisting very 
heavy strains, and leather-faced metallic valves with low lift and large 
surfaces. 

These engines vary in power from 200 to 800 horse-power, according 
to duty required. They are in continuous use, day and night, and are 
required to deliver about 15,000 barrels of crude oil per 24 hours, under 
a pressure equivalent to an elevation of 3,500 feet. 

The Pennsylvania line has a single 6-inch pipe 280 miles long, with 
6 pumping stations, as shown in the map, and groups of shorter lines, 
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a loop extemliiig from the iiiaiii line to Milton, Pa,, a point for 
shipping on the car's. At Milhvuy, I'lu, a 5-iiicli [>ii>e leaver the Penn- 
sylvania line and runs to Baltimore, a distance of 70 mile**, and is 
ojierated from the first*named station alone, thei-e bt^ing no intennediata 
pumping station- 

The Cleveland pipe, 100 miles long, is 5 inches in diameter, and has 
upfjn it 4 pumjiing stations* It carries tnl to the verj^ extensive refiu* 
eries* of the company at the teiminal on Lake Erie, 

The lUiffalo line is 4 inches in diameter and 70 miles long; it hajs a 
pnmj>ing station at Ftmr Mile and at ^Vslifoitl (omitted on the map)* 

The Pitti^hm-g line is 4 inches in diameter and 60 miles long ; it has 
pum]>ing stations at Carlron Centre and at Freei)ort. 

A ver}^ necej^aiy and remarkably complete adjunct to the numerous 
pil>e lines of tins company is an independent telegraphic system 
extending to eveiy point on its widely diverging lines. The stoiTige 
capacity of the National Tmnsit Comiiunys system is placed at 1,500,- 
000 bairels, and tliLs tankage is being constiuitly increased to meet the 
demands of the prryducei^. 

As showing tlie extent of the sea-coast transportation of petroleum^ we 
should mention that the statistics of 1884 show a toUd of crude equivti- 
lent exported from tlie United States in that year equaling 1 6,661, 08t> 
barrels of 51 gallons each ; this is a daily average of 42,789 kirrels. 

The enteqjrise has been thus far a great engineering success, and the 
oil deliveiy is stated on good authoiity to be within 2 per cent of the 
theoi'etical capacity of the pipes, 

Fifmi a commercial standp<rint tlic ultimate futni^e of the undertaking 
will be determined by the lasting qualities of wrought'in)ii pipe buried 
in the gnjund and subjected to enormous strain ; time alone can 
detertaine this qnestion. For map nf pi]je lines to seaboard, see 
page 142, 
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•THE GEOLOGY OF THE OIL AND COAL REGIONS. 

*' The most interesting feature of the geology of the Barren Coal Measures is their 
oil-bearing sands. The Morgantown sandstone is the first oil sand of the Dunkard's 
Creek oil region; and yet it lies only about 150 feet beneath the Pittsburg coal bed; 
and its outcrop, 50 feet thick, can be seen from the windows of the Monongahela 
House, running along the blufifs on the opposite side of the river. The Mahoning 
sandstone, lying between 400 and 500 feet beneath the Pittsburg coal bed, yielded 
most of the Dunkard*s Creek petroleum. Of coui*se the well diggers were bound to 
find their * third sand,* and, in searching for it, struck the Freeport sandstone of the 
Allegheny River coal series (there about COO feet beneath the Pittsburg coal bed), 
then the Cladon sandstone, and then the conglomerate. All these they called one 
sandstone ; said it was 400 feet thick ; and abandoned it because it yielded very little 
oil, or none at all. It is needless to say that, when they were at the bottom of their 
so-called third sand on Dunkard*8 Creek, they had not got within several hundreds 
feet of the top of the real first oil sand of the oil regions. 

" The Oil Sand Group.— Mr. Carll was the first to make known that the first, 
second, and third oil sands of Venango County form a single group, wonderfully 
regular in its total thickness of about 350 feet, and so persistent as a group as to be 
everywhere recognizable. The importance of this scientific discovery, in its practical 
applications to the wealth of the Pittsburg region, can hardly be ovei'estimated; and 
one may well be surprised at the amount of facts to be collected, and the patience 
and skill in combining those facts to be exercised, before so simple a proposition 
of was discovered to be ti-ue. 

*^The first oil sand was struck in the Pittsburg (Boyd*s Hill) well at 1,435 feet 
beneath low-water river level, as a white pebbly sand deposit, 112 feet thick, with 
slight show of oil, but flowiog 4,000 barrels of salt water per day. More than fifteen 
years ago it was struck at Leechburg, on the Kishkaminitas; and a great rush of gas 
escaped from it, which was afterwards utilized in the iron-works. Recently it has 
become the great gas rock of the Murraysville district east of Pittsburg. It is now 
known to lie under Washington County, at the depth of 1,800 feet beneath the 
Pittsburg coal bed. It is there called the Gantz rock. 

** The second oil sand in the new Washington district is called the Fifty Foot, and 
the third oil sand is called the Gordon rock. 

"From the top of the Gantz down to the top of the Gordon is about 260 feet. 
In Venango County the interval from the top of the first down to the top of the third 
oil sand varies between 260 feet and 290 feet. 

"Beneath the third oil sand at Pittsburg no oil is known to exist; but in the 
northern region of Warren County, and in Forest County, pools of oil have been 
struck at several points in the sandy beds of the gi*eat Chemung formation, which 
lies next underneath. These are the Warren oil sands. Far beneath them again, 
that is, say 1,000 feet beneath the oil-sand group, lie the phenomenal Bradford oil 
rocks, extending into the State of New York. What other members of the Devonian 
formations are repositories of oil, is not known ; but we have every reason to believe 
that, if any exist, they are notably local, and therefore hard to find; and that, when 
found, they will make but a slight impression on the future oil production." 

Among those lower Devonian formations are considerable thicknesses of black 
shale, no doubt darkened by petroleum ; and in the Western States bitumen fries 
from their outcrops under the sun. Still lower down are great limestone formations, 
such as the upper and lower Ilelderberg and Niagara limestones, full of fossils, both 
vegetable and animal, and showing petroleum at their outcrops in a way to make it 
perfectly clear that it is the product of decomposition of organic matter. 

ft 1" 

^ •J. p. Lesley, State Geologist of Pennsylvania. /^ . 
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•Tlie profile section (Diag. 11) follows a line drawn on the map drawn from Black 
Rock, on the Niagara River, Erie County, N. Y., to Pittsburg, and thence to the 
Donkard Creek oil field in Dunkard Township, Green County, Pa., close to 
the West Virginia State line. From Black Rock to Pittsburg the bearing of this 
line is S. 20** W.— distance about 175 miles. From Pittsburg to Dunkard's Creek its 
bearing is S. 3° E.— distance 50 miles. The section from Brownsville to Dunkard* s 
Creek is omitted, there not being room on the page. 

Starting at Black Rock, the line crosses the foot of Lake Erie, and strikes the 
southeasterly shore at Lake View, in Erie County, N. Y. Thence it runs through or 
very .near to the following places: Jamestown, N. Y.; Youngsviile, on Broken 
Straw Creek, in Warren County, Pa. ; Tidioute, on the Allegheny River, in Warren 
County; President, on the Allegheny River, in Venango County; Foxburgh, on the 
Allegheny, in Clarion County ; Parker's Landing, on the Allegheny, in Armstrong 
County; and Petrolia, Millerstown, and Great Belt City (or Summit), in Butler County. 

It is evident that as this allignment of the profile section coincides geographically 
. so nearly with the trend of the Butler and Venango oil sands, there can be no trouble 
in properly locating upon it the Venango oil-sand group. 

The Warren oil development, however, lies 8 miles to the east-southeast of our 
line, and the Bradford development 30 miles from it, in the same direction. 

The lowest horizon in our country in which oil in paying quantities has been 
obtained is that of the comiferous limestone formation, the home of the Canadian oil. 

This rock can be unmistakably identified at Black Rock, in New York ; and there- 
fore Black Rock has been selected as the northern end of our profile section (Diag. 
11). The next» and only other point at which the elevation of the comiferous lime- 
stone can be fixed, is iir the Coburn gas well, at Fredouia, Chautauqua County, N. Y. ; 
for in Pennsylvania it has never been reached by the deepest borings. 

The average pitch of the comiferous limestone towards the southwest can be 
calculated from its elevation at Black Rock and at Fredonia, allowing us to judge 
approximately of the thickness of the measures between it and the Venango oil 
group. At Black Rock, as shown by the quotations below, the exact thickness of the 
rock is not known. We have assumed the top to lie about 2 feet above the top of 
Lake Erie, or 625 feet above the ocean level, which cannot be far wrong. In the 
Cobum well at Fredonia, it is said to have been struck at a depth of l,a50 feet, which 
(the elevation of the well mouth being 735 feet) puts it 315 feet below the ocean 
level at that place. The distance from Black Rock to Fredonia is about 38 miles in 
a direction W. S. 35°W., and this gives an average slope or dip of about 25 feet per mile. 

But along our section line S. 20° W. the average dip of the limestone ought to be 
stronger than 25 feet per mile, because the line runs more nearly in the direction of 
the line of greatest dip as calculated from other strata which admit of more accurate 
tracing; and this inference is strengthened by the fact that no limestone is reported 
at Jonathan Watson's deep well near Titusville. 

The distance from Black Rock to Watson's well is about 100 miles; direction, S. 
26° W.; elevation of well mouth, 1,290 feet above the ocean; depth of well, 3,558 
feet. On an average slope of 25 feet to the mile the limestone should have been 
found at 1,875 feet below the ocean leve , or 3,105 feet from the surface. But, as no 
limestone is seen in the well, we must conclude either that it is absent in that 
locality (which is hardly probable), or that it has a greater average dip slope than 
25 feet per mile in that direction. As the well stopped at 2,203 feet below the ocean 
level, an average of 20 feet per mile would put the limestone at 2,275 feet, or 12 feet 
beneath the well. A hard rock was reported, however, just as the utmost limit of 
drilling cable forced a suspension of the work, at a depth of 3,553 feet from the 
surface. A number of other deep wells are sho« n on the profile, but it will be seen 
that none of them have gone deep enough to reach the comiferous limestone. The 
Watson well is not only the deepest boring ever made in Western Pennsylvania, but 
it is also deeper geologically than any other. It is deeply to be regretted, therefore, 
that so Httle is known of its history. 

• U. S. Censtu Report, 1885. 
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OIL AID GAS HORIZOIS OF lEW YORK, PElfflSTLYAIU, AID CAIADL 

GERERAUZED VERTICAL SECTIOR FROI THE UPPER COAL lEASURES DOWR TO THE CORRiFEROUS UIESTORL 

Compiled by J. F. Carl, (or the Seco.id Geological Survey of Penntylvania.* 
Drawn by Laura Linton. 

COMPOSITION OF OBOUPS. 

Or*ap 1. f't'P^ Barren Coat MratHre$ { B) . iinene Co. 
group. Vertlcnl mnge, surface of the ground to Wawhlngton 
upper Umestoiif . <iOO ft. Coinponition : nlwle, Umealone. tand- 
•tone, and coal. Kxpoaure: the highlands of central and 
southwesteni Creene Co., I'a. 

f'pper Barrrn Coat i/<a«tfrrx (^), Washington Co. group. 
SiW fU Vertical range, Waahington upper limestone to Waynes- 
liurg sandstone. Composition: ahale. sandstone, llmestuue; 
alM> Wai>hlngtun coal l>e<l, from 7 to 10 ft. thick; Umestoue 1-3 
of the mass. Kx|KMure: highlands of Washington and iirerne 
counties. I'a. 

Oroap S. f'PP^ Product ire Coat Mea»ttre»; thickness, 
47ft ft. Vertical range, Waynesburg sandstone to liase of 
Pittsburg coal. Composition: sliale and sandstone; also linir. (r) 
■tone and thick beds of coal, of which tlie Waynesburg and 
IMttsburg are the most Unportant. Kxiioeures: Washington, 
C;reene, and AUeglieny counties, I'a. 

Oroap S. Latter Barren ( 'oat Measure* ; thickness, ftOO ft. 
Vertical range, base of Pittsburg coal to Mahoning sandstone. ^,x 
Composition : shale and sandstone, limestone and coal. Kx- 
posure: seen in Washington and Allegheny counties; also In 
the hlghbinds of Butler and Heaver counties. 

Or*ap 4. Loicer Proiluclire Coat JieaMurea ; thickness, 
400 ft. Vertical range, Mahoning sandstone to top of coiiglom- 
enite. ( 'uui|H»«itlon : sandstone and sliale, and coal seams; (/) 
also limestone. Kxposnre in Hutler. Armstrong. Clartou, 
lleaver. and l^wrf>n«'e counties, Pa. 'flie limestone of this ^ 
group is from ft to 2ft ft. thick. 

Oroap ft* MorinfatH Santt Srrie*. nt.tt Pottsrilfe Coufffom- 
enitr. Vertical mnife. llomewootl SMnilstone tu Oleau.O.. euu- 
glumerate. ('uni|Hit(itloii: vairliible cuiiglomemit>s untl sund- (''^ 
stoiip; also the iui|MirtJUit rcNil l»eils. llie .Merc4*r stad .Sharon. 
Thlrknes*. 37ft ft, Kxposnre: Mercer, Irawford, Venango, 
anil Kore«t counties, Pa. 

Group «. ( nttr/ont Sltale : thickness, 400 to AOO ft. Ver- 
Ucjil range. ba«« of the niuuntiiln sands to Vfuango group. 
('oni|M>siiiun slmle and slute, inclosing the Pltliule grit. Kx- ^**) 
l>osiire: fuvorably se<'n in counties of group ft. Furnishes the 
ainlier oil at Smith's Kerr)', O. 

Group t» Venango Oil (ii'oup: Uilckness, 300 to 37ft ft. 
Vertical range, from the first oil sjind tu 1mi»4* of tlilrtl. Com-/|,y\ 
positlun: group of variable siinnfttone. Hliitt*. niid Himle. Kx- 
I»oj»ure: In Hutler County toTUIIoute In W«rn-ii (oiiiity. 

Group S. Heiwet'n the Venango nnd Wiirreii Oil Croap. 
'(.TOO ft.) Vertical range. Venango third Oil wind to the top of 
Warren group. ('oiii|H>f«itioii: soft inhale wlililiedsof green, 
inirple, and re<l sandstone. 

Group 9, IncliidoM the fK>>called 2(1. 3<l. and 4tli Minds of 
Wanni. V«?rtical range, from top of Warren shale to l>ase(0 
sioiieham siindHtoiie, covering, us nearly as may Iw. 300 ft. 

Group lO. Hetw^een Warren oil group nnd Hradford 

tliird oil s;iiid. Vertical range, from Sioneliain oil sand to 
Hrudtord oil mnul (400 ft). ('oni|)osition : Mlateand sliale. This 
1h very fos.HililerouH. TIiih interval IioMh the Hradford second 
oil Hand. 

Group 11. Ilnnl/nrd Thint Somt : lliieknesi*. 20 to HO ft. 
('oiniH>siiloii: a tlne-g rained saud^itoiie. coniaiiiiiig small ^^) 
l»el»l»len. Lo4-aiioM. In the Wilcox welU, at lldtoiite, and in 
Warren ComHy. 

Group IS. Hotween the Hradford tliird sand and the 
coniiferotii* liiiieAtoue; llilckiu^s, I.MN) It. In eoiii|MMiilon the 
reeords are iinperfert. No lni|>ortant hands t»f saiHUlone and 
no «)ll have In-en n*ported. The di>«taii«e feoni Kredonia to 
Hradford is \H miles. A dip <»( 31 ft. to the tii.le would pUiee 
the limestone at iiradfoni ;u( <dio\vn in our m'ctioii. 

Group 13. Thi>« i^ the oil-produeiii'.' roek of the (anndn 
oil regions, but at Kredoui;i. N. \.. \ lelds neither t»il nor g.iH. 

rN>y • 1' S. On^us U«'i»ort 
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PROFILE SECTION OF OiL REGIOSS, BL\:K RICK, N' T. TC V-'EST YA. 

DIAGRAM 11. CCmnpard ky Jon r Cabix. Dnwn by Lwr«A Liyros.'* 




Far fttll explanation of the cnmpoBitLoii itf ttK> »ii>verii1 (jfioflp. nee ptM^ea 1311, t40, cT'nerAl Tortfcal Bootlon; 
iil»o map on i»»gc iw, Tbe geology of jH'troieinTi and i^ai repiona {[mge laS} l» cinialduredt 
R«f>ort» i^f Jr 1*. rc#Lcy, stAtc? frEolc^lffi, jiennuncncy of oIL and ^ikA, pnii^ 1^ 



^v DiMtanof from RJack R<>ck to mttalmrir, 175 miles ; Plttsliurnt to Donkard't Cr«k» Oree& C4MUit^, P**, ^ 
^ Bfl mllea. Scale, vertical, aliout ^,000 fi?«t ^ I inch. ^f^ 
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I URING the last ten years a great deal of attention has been paid 
to the subject of the utilization of petroleum as fuel, resulting 
in many experiments which have been reduced to practice, the 
experiments demonstrating its entire practicability and its im- 
mense advantages over any form of solid fuel. The question of its 
employment in this country, in competition with our abundant coal 
supply, is yet engaging the minds of some inventors. From the 
experiments which have been made, the following results can be relied 
upon: — 

1st. That the calorific power of petroleum, for the purposes of 
generating steam and evaporating water, is several times greater than 
ordinary coal. 

2d. That, where the price of petroleum does not greatly exceed that 
of coal, the former will be selected for all ordinary purposes of fuel, 
both for steam and furnace operations, especially when a high degree of 
heat is essential. 

Since the first attempts to utilize petroleum, the prices of the two 
fuels experimented upon have relatively changed ; coal has advanced, 
petroleum declined. Besides, with sounder views respecting the true 
theory of combustion, inventors have still further bridged the difficul- 
ties; and the very low prices of the liquid fuel invite renewed 
attention to the employment of petroleum as a substitute for coal, 
particularly under locomotive, marine, and stationary boilers. 

Coal is very wastefuUy burned in actual practice, and the heat is 
imperfectly utilized, especially in locomotives ; and only one invention 
out of the entire number that have attempted the solution of the 
question has actually succeeded in burning petroleum in the fire-box of 
a locomotive in such a way as to compare with coal in heat production. 

The following considerations will, I think, make this point clear: — * 

•C.E.A8hcroft. M.E. 
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One pound of carbon burned to carbonic acid will generate 14,544 
heat units ; while 1 pound of hydrogen, when completely burned, will 
generate 62,030 heat units. With this data, and knowing how much 
carbon and hydrogen 100 pounds of coal or oil fuel contain, it becomes 
an easy matter to calculate the theoretical heat-producing power 
contained in these two fuels. 

The value of these 3 kinds of fuel is based on the percentage of 
bituminous coal containing carbon, 85 ; hydrogen, 5 ; ash and moisture, 
10 ; total, 100. Anthracite coal containing carbon, 93 ; ash, etc., 7 ; 
total, 100. Petroleum oil fuel containing carbon, 86 ; and hydrogen, 
14 ; total, 100. 

From these data it is easy to compute the theoretical heat-producing 
power of the 3 substances, and we find that they are about as follows : 
One pound of bituminous coal will produce (theoretically) 15,465 heat 
units; 1 pound anthracite coal will produce (theoretically) 13,525 heat 
units ; 1 pound of petroleum oil will produce (theoretically) 21,192 
heat units. 

The value of coal and petroleum varies in different localities, and the 
whole question of the utilization of either fuel hinges on the cost in 
dollars and cents of either coal or petroleum in the locality where it is 
desired to introduce it as a substitute for coal ; and an illustration of 
this point is found in considering the values at present in this (Boston) 
market. 

If coal be assumed to cost to large consumers $4.50 to $4.75 per ton 
of 2,000 pounds, and petroleum 2j^ cents per gallon, the oil weighing 
7}i pounds per gallon, the relative value of the fuel is reduced to the 
question of how many heat units, as represented by the different fuels, 
will $1 purchase ? 

At the above valuation it is found that one dollar's worth of anthra- 
cite coal is represented by 444 pounds, and one dollar's worth of 
bituminous coal is represented by 421 pounds, and one dollar's worth of 
petroleum is represented by 270 pounds. 

These various weights of the 3 different kinds of fuel, or a dollar's 
worth of each at the market value as alxjve quoted, in heat-producing 
power are as follows : The 444 pounds of anthracite coal furnishes 
6,005,544 heat units ; the 421 pounds bituminous coal furnishes 6,510,- 
765 heat units ; the 270 pounds of petroleum oil furnishes 5,712,840 
heat units. 

In accordance with these deductions, the theoretical heat-producing 
power of a dollar's worth of coal and petroleum at the present prices is 
nearly equal in this market. ^ 
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The theni-etk'iU beat of any fuel iw easily determined, its pKJxinmte 
or elenientary analysis iHMTig known; Imt the aetual availahle heat is 
not so easily iiiTivetl at, and can only I>e detei'mined by a series of more 
or le*ss* ehilxmite experiments or trials in jietual use* 

In steam hdilej-s the eftietency of the furnaee is meaauj'ed by the 
pounils of water evjipo rated per jjound of eoal uv other fuel hurnetl 
under known eoiiditious. 

This will always lie found to tje below tlie theoretical ijuantity, and 
niav l>e lun-oinited for in many ways, as stated above. 

The qna!itily of water evaponited from and at 212° Falu*. per pound 
of eoid varied in pmetiee from six to ten i>ounds. 

With inferior coal the results would be beh>w tliis. The quality of 
the eoal must 1r^ taken into aeeount, as well as tlie construe lion of the 
furnace, Tu obtain the higljest results, the finnaee sbonbl have tlje 
details arnmgtHl with special refei-ence to the hurninff of a particular 
kiml i>f fneU as may l)e f<nind, after a trial* the best and most economi- 
cal arrangement foi' that fuel* Tliis is especially true of aii)^ attempt 
to bum peUf jleum. 

In a further eonsidemtion of the pnietical value of coal as fuel^ it 
may be stated that 8 pounds of water evaj)oration is alK^ut tlie result 
oiitained from the eoml>nsti((n r)f each pound of tn^d of the average 
qmdity under the ordinary eondili^ms i>f its use. This gives aljout t57 
j)t*r cent of the theoretieal value, and this valne is confined to the 
ordinary Inkier of the stationary ty[ie. 

The steam-prmlueing power of j>etrnleuni (I pound consisting of 6 
jjart^s of carlxm and 1 of hyilrngen) has for its theoretical evaporating 
power 22.08 }>rmmLs of water from and at 212° Fabn 

The accounts of the practical value of i>etn»lL*um under the same 
comlitions, as found in pmetiee with coal, are not abundant; but thei^ 
are records of its use w^hich sliow that lt> to 18 pounds of water are 
evaporated from and at 212° Faln\, which gives (taking 17 as au 
avenige evaponttiou) an elticieney of 77 iK2r ccrit of the tlieoretieal 
value. 

There foi-e the effieieney r>f j^etrnleum is foujul to be jjmctically 77 
per cent, as against an efticicucy of o7 per cent in the use of eoal when 
tised in connection with the oi-dinary form of staitionary boiler. 

Having considered tlie efficiency of coal and iietrolenm lis found in 
practice, in ctMuieetion with the i ordinary form ot stationan^ lx>ilcr, and 
cnmpaied it wili^ the tbenrctical value of these fnels, we pni-sne onr 
investigations still furtlier* and compai-e the value of these fuels, as 
fouuri in lofoniotive pmetiee. 

h^^ — - — ' ^^ 
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Thi' qut*Htinn whL*tht*r t.iuil will advance in ju'ioe in the future antl 
petroleum diniinisli, It^ not ilLseiu^iied any farther than tn *uiy that the 
lirice of rtm\ during the year hust iwiiit (t88T) lia8 been considerably 
higher than hty* IxH^n known hen:*t*jfore, and that, for seveml reasons, 
the priee uf this eoiuniodity will nut diminish to any great extent; while, 
on the other hiind, the priee of jR^troleuin, es]N?eially that prcKluct useful 
for fuel jiuq poses only, has iliniinLshed during the imst year (1887) to 
sneh an extent its to peinvit uf itH use in eonii»etition to coaL The 
recent action of the Standard Oil Conijiany in laying a [lij^e line from 
llu* oil fields of (Hiio to the city of Chieagfo^ 111., for the express purpose 
of furnishing oil jis a fuel to that i'it}^ in place of emd, is significant t^ 
siiy the leiiKt. and tlu- ijras|>ects are that a »u]>ply will Ik? foitiicoming at 
a tigure that will ]>erniit of Hm use as a fuel in place of coal. 

While thi* subject of tlic tlieoreticHl value of either coal or |jetroleimi 
oil is hy no ineans exhausted, sufticient luus i)een miid to jshow that the 
theoi-etieal and the pnutiial are widely sejwiruted, in so much that the 
full ln'Uetits of either oil or |)etroleum as a fuel are not obtained in 
pnietiee, and^ that so far sis the latter Ls concerned, there has i^een little 
U> sh<nv what Wiis |n>ssihle to obtain by its use, — in ]»nu;tice except in a 
few instances, — and the question presents itself. What are the reasons 
for the non-attainuicnl of the full value of coal in practice ? And 
answering this interrogation, the ftdlowiug may lie stated us fHinie of 
them. 

1st, Difference in the chemical constituents of coaL 

2d, IrfOsses liy conduction and mdlation iii the furnaces, flttes, niid 
metal of tlic lioiler. 

3il* lm}>erfect and incomplete eombustion. 

4th, L<iss of heat carried off by the chimney, partly utilized in causing 
the dmught- 

5th. I ni proper management. 

In addition to the aljove i-easons there are additional causes for the 
loss of the theoretical value of coal in evajxjmtive [xiwer, such }\»z — 

The alistnu'tion of heat fnnn the combustible poHion of the fuel, to 
bring the earthy matter and itsh to the high furnace teniiJei'ature : the 
unavoidable loss of some uueonsinned coal during the aljstraction of the 
cdinkei-s ; the din^ct loss of heat when the elinkei-s and iLshes* are with- 
drawn at the high tcniijerature of the furnace ; the influx of cold air 
through the oj>en furnace diKir during the operation of feeding aiid 
cleaning iui^s; The loss of heat exptMided \u niising the tempeiTitnre of 
the air over and above the quantity needed for etmibustiou; the loss 
of effect during the time that fires newly cleaned I'equire to recover full 
action. 
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Coni}isirin^ l>etrnleuTn nud autljracite coal iti Incoiiiotive pmetiec, the 
former has a theoretical evaijnnitive power of 1(12 jmiuikLs of \vat**r i>er 
pouod of fuel, and the hitter of 12.2 puiiiuh* at an effective pressui-e of 
120 {jotiuda to the square iiitth ; lienee petrok'uni hiLs, weight for weight* 
83 per cent liiglier evujMinitive value than anthmi:ite. Now in loeoino 
tive piuctiee, a mean evaponitioii of fn>m 7 to 7j4 pounds of water per 
pound of antliraeite is ab>ut what is generally t^htainetl, thus giving 
60 per cent of eflieieiiey, %vhile 40 per cent is unavoidably lost. 

VVilh petroleum ^ an evaporation of 12*25 to 14 pounds of water per 
pound is pmctically ohtivined, giving, say the lowest iigui'es, 12.25, 
divided hy 1H*2, equals 75 per eent of efficiency. 

Tims, in the fii'^it place, petroleum is 33 per cent superior to antlu-aeiie 
ill eva[)oi"ative power; and, secondly, its useful effect is 15 per cent 
greater, l)eing 75 per cent instead of t>0 per cent ; while, tliii^ly, weight 
Uyv weight, thti practical evaiKuntive power {>f peti-oleum must l>e 
reckoned as at least 12/25 minus 7,50, equaUng i33 per cent, to 12,25 
minus 7-00, divided hy 7,00, or 75 ^ler cent higlier than that of 
aiitlu^cite. 

Returning to our original position, it is demonstrated that wiiere SI 
will pui-chase the same, or nearly the same, nuinher of Iieat units, 
jietroleum fuel is siq^erior, and possesses advantages over any form of 
solid fuel, and the use of this jjetroleum fuel in destined to liecome more 
generally introduced m soon as the su]>eriority becomes known. 

* FUEL OIL APPLIED TO LOCOMOTIVES. 

Experiments have been made by diffei^nt inventors during the last 
fifteen years, more or less, having for their object to devise a successful 
method of burnbig oO. 

Without attempting to give an accurate or connected history of these 
earlier experiments, it is perhajjs sufficient to say that nif»st of them, 
or until the last two or thi-ee yeai's, attempted to convert the oil int^» a 
gas or vapor befom t tying to burn it. The gene ml result of all these 
experiments is that the prelim inaiy treatment did not prove successful. 
Kow we know tliat [irevious prepamtion is entirely unnecessary, anil 
tiiat (>etr oleum can be burned with }jerfect success and with almost 
complete combustion of the oil without any preliminarj' jjre^miution 
or treatment. 

It is perhaps difficult to say who first struck the essential featui'e of 
practical petroleum burning, but it is fairly safe to aflirm that Mr, 
Thomas Urquhart, of Rorisoglebsk, Russia, Locomotive Superintendent 
of the Gnui-Tsaritzin Railway, made the fii*st successful attempt on a 
large scale to use i>etroleuni as f uch 

•Dr, CliArlea B. Ehidley. Joumai of the FrankUn JustUtttct Angojt, 13S8. 
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It is i)erhai)8 safe to Bay, in view of what has actually been done, that 
oil burning, so far as it dejiends on a method of doing the burning, is a 
success, and that this i>art of the problem is solved. The problem that 
remains is: Can oil be burned as a means of generating heat with 
economj? 

The following tiible shows the relative heat-producing power of coal 
and oil. In the theoretical i>art of this table the following assumptions 
are made : A {mhuuI of anthracite coal is sup{K)sed to contain 90 per 
cent of carbon. A iK)und of bituminous coal contains 85 i)er cent of 
carl)on and 5 jwr cent of hydi-ogen. A |)ound of oil contains 86 per 
cent carlK)n and 14 i)er cent of hydrogen. 

Rklativb Ukat-Prouucing Powbb of Coal aitd Oil. 

Theoretical anthracite 

Tlieoretical bituminoua 

Uniuhart*s experiinent8 

PeQinsular Car Company's experiments . 

Elevated Railroad, New York 

It will be observed that Mr. Urquhart's experiments, which we may 
say ai-e the result of a year's exi)erience with the same one hundred and 
forty locomotives burning coid and using oil, show that a pound of oil 
will gcnenite as much heat as one and three-fourtlis pounds of coal. 

The exi)eriments of the Peninsular Car Comi)any, at Detroit, Mich., 
wci*e made with the Canadian i)etroleum, in October, 1885, and show, 
SIS is observed, a verj' close agreement with Mr. Urquhart's figiu^. 
Tlie exi)eriinents by the Elevated Kailroad in New York were made 
during the summer of 1887. 

The ratio of coal and oil being determined, we are at liberty to begin 
the considenition of the financial jmil of the jiroblem. Assuming that 
a luirrel of oil cont^iins 42 gallons, and that a gallon weighs 7.3 iK)unds, 
we compute the following table, in which the first column under the 
heading coal considei-s the fuel account alone, and the secand column 
HNiftr the name headiHij consiJers all ascertained economies: — 



«.Oil. 


U».C4saL 




1.61 




1.37 




1.756 




1.742 




1.785 



oil per Harrel. Coal per Ton. Coal per Ton. 

$0.:U) «K).74 ^.65 

.30 1.12 98 

.40 1.49 1.30 

.50 .1.80 l.OiJ 

.(K) 2.24 1.90 

.70 2.01 2.28 

.80 2.98 2.(n 

.90 3.;{5 2.93 

1.00 • 3.73 3.20 

1.10 4.10 3.59 



Oil per Barrel 

$1.20 . 

1.30 . 

1.40 . 

1.50 . 

1.60 . 

1.70 . . 

1.80 . . 

1.90 . . 

2.00 . . 



Coal per Ton. 

. $4.47 . 

. 4.85 . 

. 5.22 . 

. 5.59 . 

. 5.97 . 

. 6.34 . 

. 6.71 . 

. 7.08 . 

. 7.46 . 



Coal per Too. 
.$3.91 
4.24 
4.56 
4.89 
6.22 
5..V4 
5.87 
6.19 
6.52 
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Mr. Urquhart is a Scotchman by birth, and has l)een now some nine- 
teen years in Russia; and when I visited him in Octolxjr, 1886, he had 
one hundi'ed and foity-three h)comotives in daily use burning nothing 
but petroleum, as well as a large number of st^itionary boilei-s, pumping 
engines, machine shop engines, etc. Indeed, the whole Grazi-Tsaritzen 
Railway uses almast nothing but petroleum for heat generation. The 
essential features of Mr. Urquhart's system may l)e perhaps briefly 
described as follows : — 

Ist. The burner, which converts the oil into a spray, or verj^ finely 
divided condition. 

2d. The location of the burner in such a position as regards the fire 
that it never becomes hot and consequently never clogs. 

3d. The location within the fire box of a mass of fire brick, so arranged 
as to form a combustion chamber, and to serve as a radiating point for the 
heat, and also, to a certain extent, for the storage of heat. The fire- 
brick arrangement has the still further advantage of breaking up any 
particles of oil that escape from the burner unpulverized, so to speak, 
and also of igniting the oil after it has been shut off at any time. 

There are two other methods of burning petroleum, one of which, at 
least, is in general use in Southeastern Russia; namely, the Lentz 
system. This system is used extensively on the Volga steamers. It 
depends for its success apparently on the same principles that have been 
already described ; namely, it converts the oil into a finely divided state 
by means of steam, and burns this mixture of spray and steam. We 
believe there is no brickwork required, the material being injected 
into the fire box. 

In this country the Edwards and other oil burners have been used 
with considerable success ; these likewise convert the oil into a spray ; 
doing it in a little different way, however, than the method by Mr. 
Urquhart. We have seen likewise two pieces of tubes used one 
inside the other, and with the control of the steam and the oil by means 
of globe valves, the mixed steam and oil being projected into an ordi- 
nary fire box. This is used on stationary boilers in the oil region. 

In the winter and spring of 1886-87 experiments with the Urquhart 
sjrstem of burning petroleum were tried on the Pennsylvania Railroad. 

The firing on oil-burning locomotives is simply ideal. Only those 
who are accustomed to it can detect the least little smoke on the 
presence of the steam as it leaves the smoke stack. The comfort of the 
passengers by the use of this magnificent combustible for generating 
steam can hardly be described. Not a cinder or trace of smoke ever 
disturbs them. Windows can be left wide open as far as the locomotive 
is concerned. i • 
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Advantages which oil has over coal as a fuel : 1st. Less waste of 
fuel. 2d. Economy in handling. 3d. Economy in handling ashes. 
4th. Diminished rei)airs. 5th. Economy in cleaning engines. 6th. 
Less waste of steam at the safety valve. 7th. Economy of space in 
carrying and stowing fuel. 8th. No fires from sparks. 9th. No smoke 
and cinders. 10th. Possibility of utilizing more of the heat. 

•USE OF DEAD OILS AND WASTE FOR FUEL. 

By the courtesy of Messrs. Havill & Company, of the Gresham 
Building, E. C, the agents in chief of Tarbutt's Liquid Fuel Company, 
Limited, we were enabled to witness, says Wigan Observer^ the applica- 
tion of the patent apparatus, the invention of Mr. Percy Tarbutt, to the 
generation of steam by the use of liquid fuel in the form of petroleum 
residuum, or the dead oils produced by the distillation of coal and shale. 
The boiler "was an externally fired tubular one of thirty horse-power, 
nominal, and had a furnace with a fire-brick lining, similar to those of 
Siemens regenerators. At the end of this furnace, or rather combustion 
chamber, was a fire-brick baffle, having apertures through which the 
heat passed to the tubes of the boiler. 

In this chamber is a coil of iron pipe, one end of which is connected 
with the steam space in the boiler ; and the "other opens out into the 
door of the furnace, in conjunction with the petroleum or oil nozzle. 
This coil is for the purpose of superheating steam taken from the 
boiler, and by it an induced current is set up, which carries the 
liquid fuel forward into the combustion chamber. In order to enable it 
to do this, the oil nozzle is placed within the steam pipe at the opening 
where it delivers its jet, so that an annular space is formed, through 
which the steam rushes, combines with the oil drawn through the 
interior nozzle, and produces a large volume of intense and almost color- 
less flame within the combustion chamber. 

It was observed that the flame did not directly impinge on the super- 
heating coil, which was inclosed in the combustion chamber, and so 
obviated the danger of the iron coil being burned away by the intensity 
of the flame, a defect apparent in some other inventions for a similar 
purpose. The oil is stored in tanks above the level of the furnace, 
so as to flow to the delivery nozzles by gravity. The whole apparatus 
is very simple and easily adjustable, and so arranged that fire bars for 
using coal or solid fuel can be easily substituted in case of any failure 
in the supply of the liquid. The system has had a thorough trial on 
board the '' Himalaya," a steamship of eight hundred tons and one hun- 
dred horse-power nominal, which lias been running between London and 
Glasgow with very satisfactory results. 

i?>^ * Modem Light and Heat, ^ 
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Tim ship is now supplied with licjuid fuel from the works of iu 
owners on the coiist of Bmxil^ whem she va now eioi>loyed for tnwliog 
[)uriKJSe?>. The priiicipiil advautiig'eft connoctcHi with the euijihiyment of 
thiss system are ptirfeet eomhuation, there l>eiiig no deposit of earhou 
in the tubes or flues of the boilery, and no smoke Lssuiag from the 
ehinmey; it i^ hibor saving, ordinary stoking lieing dont^ Jnvuy with, lus 
the whole supply is regulated by the atljiLstment of the taps and valves, 
and the storage M^oukl not Ije half as much 4is now reqiiirt»d in steani- 
sthijxs, thus allowing raoi'e sjmce for cargo. 

The iiuestion of economy will, no doubt, to a great extent, lie affected 
1 by the relative values of solid and liquid fuel at the place where the sys- 
tem nuiy Ite adopted ; but it may l>e stated tliat the effective value per ton 
is aliout three times that t^f the Ijest steam shale, wbich wiis employed in 
tlie oil inaiuifaeture, and fnmi it twenty*Hve million gallons of paraftine 
were produced. In 1884 the out]mt was increiiHed to two million and 
ninety thousand tons. Fmm this crude oil is maiiufactnred iJiiraflfine 
Miix candies, burning oil, niachineiy oil^ and two valuable manures; and 
the dead *>il tliat remauis after pnxhicing tliese is tlie material used for 
fu'jl in c(>mj]etiti(»u w^ith crude petmleum, and is, indeed, preferi'ed by 
the users of the Tarbutt ajiparatus. 

* Manufacture of Iron. A large number of processes have lieen 
invented and iKiteiited for using niw petiTileum iu tlie manufaeture of 
iron. Of tliese tlie Eames process seems to have l>een the most suecesiS' 
ful, and to have had the most satisfact^iry trial. 

The Eames process lias l>een put into pnietieal ope nit ion Ixjtli at 
TitnsviUc, Pa,, and in Jej'sey City, opposite New York. Why 
it has ]iot proved a commercial smeess, I have not been able to 
leariL Competent judges, having an interest in tlie suceess of tlie 
est4d)lishnient at Titusville, bear witness to tbe extraordinary fme 
quality of the iron produced from scrap and refuse of the most for^ 
bid ding chai*ae te r . 

I quote the language of Professor Wurtz's memoir res[)ecting the 
working of the ap]>anLtuH descriijed : -^ 

''It is quite easy to determuie with precision, with the arningementa 
in Jei'sey City, tbe relations of consumption of oil to imn j>n>duccd, 
and the time, ialw^i\ ami material in any particular citse. The oil was 
fed from a lank sunk in the groujid, which has a horizontal section 
throughout <if 4 feet sc)uarc* Ettch inch in depths thei'efcn'e, corre* 
sponded \\\ 2,-H(M ctibic hirln'^, itr, closely enough, to 10 United States 
gallons (if 2H1 ^■^\■ i^%ui^ing with a graduated rod each 

hour, thei-e&v '^^m %\\\ of oil was readily f(»llowed up, 

h, — • ^ jmr. 
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It was thus determined by me that, starting with a cold furnace and 
boiler, full of cold water, 45 minutes was a maximum time, with oil fed 
at the rate of 30 gallons per hour, or 22.5 gallons in that time, to bring 
the whole fire space to a dazzling white heat. Six piles of boiler scrap, 
averaging GOO pounds, or 3,000 pounds in Jill, being then introduced, 
35 minutes more of the same rate of consumption not only brought the 
piles to a high welding heat, but raised steam in the boiler to 90 pounds 
pressure, being that required to operate the rolls. The time required, 
after the furnace was heated and steam up for each charge of 3,000 
|)ounds, averaged at most 80 minutes; and, as the brickwork became 
heated throughout, it was ap[)arent that the feed of oil might be some- 
what diminished. Thus, in a working day of 10 hours, just 7 such 
charges could be worked off, averaging 2,500 pounds of rolled iron 
each ; total, 8 tons per day of boiler sheet from one such furnace, with 
an average consumption, as a maximum, of 30 gallons (200 pounds) of 
oil per hour, or 300 gallons (2,000 pounds) in all. To this must be 
added, however, the fuel used under the generator and small supple- 
mentary boiler, which together was 500 pounds per day. 

" It is admissible that one generator and one small boiler will operate 
several furnaces ; the inventor says five. If we say four, it will diminish 
the small addendum of cost. 

"As to working this furnace with coal, it was ascertained from the 
testimony of the operators that, by keeping up the fire all night, so that 
a heat could be had at a reasonable time in the morning, the maxi- 
mum product of finished sheet might be, with superior work, allowing 
90 minutes for each heat, 6 tons, with a consumption of at least 5j4 
tons of coal, equal to 12,320 |X)unds, or 2,053 pounds of coal per ton." 

Oil as Fuel in Pennsylvania. Petroleum has always been burned 
for steam fuel more or less in the oil regions of Pennsylvania. All sorts 
of experiments have been made here to burn the crude oil, both pure 
and mixed with steam. Mr. D. A. Wray, on Oil Creek, filled with crude 
oil, at 50 cents a barrel, an eight-horse boiler, with safety valve attached. 
He fired up under it as if it had been filled with water, and burned the 
va[)or iis if it were gas. The arrangement worked well until the s{)aces 
between the boiler tubes became choked with coke. This deposit of coke 
from distillation of the oil has been found to be the chief practical diffi- 
culty, and has been usually avoided by injecting steam tlu-ough the 
escajjing oil in such a manner as to completely volatilize it. 

Another practical difficulty observed by Mr. Wray was explained by 
him as in accord with an observation made by Tyndall, that the flame of 
a Bunsen lamp is intensely hot to objects immersed in it, but that it 
radiates comparatively little heat. 

'Ib ^ 
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Mr. Wray has observed that all successful contrivances for burning 
petroleum must distribute the flame upon the surface to be heated, and 
not beneath it. Inattention to this condition is the cause of many 
unsuccessful attempts to generate steam by the use of crude petroleum. 

It is impossible that I should attempt to describe the great number 
of apparatus devised for burning the crude oil, many of which are 
entirely adequate. The successful use of the oil for yeai-s in stationary 
engines has demonstrated the absence of all serious pmctical difficulties. 
The questions of economy and safety appear to have determined that 
for general use it is not a desirable fuel ; while in special cases it has 
been attended with complete satisfaction. 

The action of hydrocarbons at a red heat has been investigated by 
M. Coquillon. He shows that steam assists the decomposition of the 
hydrocarbons, producing at the same time a fall of temperature, which 
is added to that produced by the reduction of carbonic Oxide and 
carbonic acid. 

GASOLINE. 

" We are often asked tlie questions by people who are not acquainted 
with the products of petroleum: 'What is gasoline? What is it 
made of?' The answer is: It is one of the light products of petro- 
leum. Every hundred barrels of crude oil, as it is pumped out of the 
wells, contain about fifteen barrels of gasoline or naphtha. In the 
process of refining this oil, the gasoline is sepai-ated from the rest, and 
is redistilled and refined, and is then called refined naphtha, benzine, 
burning fluid, and gasoline, according to the gravity it bears. The best 
gravity for use of these stoves is seventy-four, and nothing heavier 
should be used, as it is likely to contain traces of oil and parafBne, 
which fill and clog up the burners. 

'* The comnifm llieory advanced is that gasoline is explosive, and 
consequently dangerous. It is, like so many other things, perfectly 
safe in safe hands, but more or less dangerous in unsafe^ ignorant^ or care- 
less hands. People who use it should inform themselves of its character, 
so that they will know how to handle it safely, and know wherein its 
safety or danger lies ; and the vapor escaping from a can with the screw 
top off, in an ordinary closet or living room, can do no harm. But when 
agitated in drawing or filling a can or reservoir, considerable vapor 
escapes, and this vapor is capable of taking fire a distance away from 
the vessel, and this is where the dangerous part comes in. It should 
never be handled near a fire or light, and, if necessity compel it, the 
light must be held up high above the liquid, as the vapor is heavier 
than air, and always descends. Never fill a stove when burning, nor 
fill it full to overflowing before lighting." 
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f Stoves. During the last few years stoves in a great variety have 
been contrived in which some of the products of petroleum have been 
consumed as fuel. Practically tliey may be divided into naphtha and 
kerosene stoves ; a vast number of them are sold each year. 

" The kerosene stoves are being brought to a great degree of perfection, 
and are found to be very useful. Of the several manufacturers who 
are seeking the patronage of the public, I am not disposed to select any 
as making in all respects an article superior to all others. These stoves 
act best with high test oil, and are therefore safe. Their healthfulnesB 
depends on the manner in which they are used. It is claimed that one of 
these stoves with two burners discharges an amount of carbonic acid 
into the atmosphere of a room equal to the respiration of two and one- 
half persons. I have not examined the merits of this statement ; but, 
assuming it to be correct, it is a sufficient reason why the most thorough 
ventilation should be urged upon those having these stoves. 

"Very few are used under circumstances that admit of the removing 
the products of combustion from the apartment ; and, when one is placed 
in a small room occupied by two persons, the contamination of the air 
amounts to that caused by the constant occupation of the room by four or five 
persons. When to this unavoidable source of impure air is added the 
sulphurous acid and half-burned products of combustion of pure and 
cheap oil, petroleum stoves cannot be recommended as conducive to good 
health. Yet they are cheap and convenient, and thousands are sold 
annually. 

"Petroleum and nearly all of its products are employed in glasshouses 
for producing high temperatures and flames free from soot and other 
materials which would injure the glass. At Wheeling, W. Va., one 
of the largest glasshouses uses benzine for producing the intense heat 
of the ' glory holes,' and other houses use natural gas for the same 
purpose." 

•FURNACES FOR BURNING LIQUID FUEL. 

The methods of burning liquid fuel may be classified under three 
heads, according to the use of the oil in a liquid, steaming, or vaporous 
condition, designating the classes as: — 

1st. Hearth fires. 2d. Gas fires. 3d. S{)niy fires. 

Hearth Fires. In this class are included all those methods in which 
the design is to place or pour the liquid directly into the fire box, with 
such an equal distribution as will secure complete combustion. This 
class may l>e again divided into : — 

Ist. Pan fires. 2d. Step fires. 3d. Drip fires. 4th. Oozing fires. 

t S. F. Peckham in U. S. ('. Reports. • Power-Steam, .lune, 1888. 
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Pan fires arc tht siiiiijlest am I moHt pninitivt' fonii of tle^eti for 
burning liquid fuel ; but the general tmuhle with them is Uiat it is 
almost impossible to get a sufficient supply of air, and consequently the 
combustion is ini[jerfet^t. 

Biddle'is method, which was sjiecially intended for marine boilers, w^as 
tried aljout 18*i'2^ but never came into general use. There was a cast- 
iron fire Imx made in one piece, closed at the l>Dttom, on which there 
ui^ere grooves nuliating from tlie centre to secure distribution of the oil, 
which was aujudied from a stonige tank above the boiler. 

Step fires are among the oldest devices in use, and are preferable to 
pan fires because air can l>e admitted from both sides, and because the 
mass of liquid fuel is much thinner than in pan fires, and better combus- 
tion can be attained. T\m most prominent systems of this class are 
those used by Nobel and Ostterg in Sweden, This system consists of a 
series of iron troughs arningefl iu the foi-nx of a series of steps- The oil 
enters the uppermost trough, and then overflows into the others until it 
is all burned. 

Drip fires are perhaps superior to pan or step fires, the burning oil 

being distributed in sepamte grooves. 

Nevertheless, the distribution and subdivision of the oil have never 
been carried far enough on this s}'stem to insure perfect combustion, A 
system invented by M. Andoiiin was exliibited at the Paiis Exposition 
of 18rt7, In place of a door to the fire box a plate was attached, to 
which were affixed at the top and in the centre to\vh of small iron pipes, 
each of which had a tap and could Ijo cut off from the supply pii>e. To 
the mouths of the pipes a vertical groove was fitted, dc>wn wJiich ilie 
ignited oil wiis conducted, Tlie ijlate that took the place of the door 
had ojMJuings one-fifth inch \A'ide between the grooves for the admission 
of the air. 

Oozing fires are thought by some authorities to be the moat successful 
of tlie hearth class of fnruaces for liquid fuels, as by means of the layer 
of porous material employed an efficient distribution of tlie fuel is 
secured- 

Perfect combustion cannot^ how- ever, t>e insurtHl ffu- h»tig, as the oil 
does not burn equally, its lighter components* l)cing given off first, 
while the heavier coui^titueiits remain iu the jH^rous layer through 
which the liquitl fuel t)ozcs, and so choke up the layer that the lighter 
oil?* wliich feed llie fire find great difficulty in oozing throng) i. 

The Patterson oozing furnace was tried in New Jei-sey about 1878* 

and w;ls remarkable for the s[»eed with which steam could be generated 
from cold water. 
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The device consisted of an iron tank filled with a^sljestos. There 
were opeiiingH in the side of the tank, and the oil was intixxlueed from 
l)elow through a pii)e which was regulated by a tap. As soon as the 
asbestos Iiecame saturated with oil, it was lighted, and the flames rose 
up out of the asbestos and through the ai)erture8 at the sides of the 
tank. Although the combustion was not very perfect, an intense heat 
was develoj)ed, but the use of this system has never been extended. 

Gas Fires. This chiss of furnaces embracei* those in which the fuel 
is used in a gaseous state. The number of devices of this kind is 
comparatively small. 

The Foote gas furnace wa« tried on the gunboat ** Palos" by the United 
States Navy Dejiartment in 1867. This furnace consisted of a cast-iron 
retort with a riveted wrought-iron bottom, wliich could be fixed to any 
boiler giate by the removal of the fire bars. The i)etroleum was intro- 
duced into this retort by a jiipe al)out one eighth of an inch in diameter. 
The vapor of the petroleum then streamed out of the burners through 
another set of pipes. To start the fires, it was necessary to kindle a 
wood fire on the floor of the retort until the heat became sufficient to 
volatilize the entering petroleum, and the heat was then maintained by 
the burning gas. This system was abandoned because of the constant 
repairs and the trouble of keeping it in working order. 

Spray Fires. This class includes all the latter plans for burning 
liquid fuel. In these methods the oil is divided into small sprays by a 
steam and air jet, and is then nearly completely consumed in a vapor- 
ous condition by means of the air, which generally is introduced by 
the draft caused by the jet. The temi)erature attained by these fires 
is so high that it is found necessary to protect the sides of the fire 
boxes by fire-brick covering, or else to divert the direct flame from 
them. In considering spray fires, classification may be made upon the 
basis of the various forms of sprinklers used to divide the oil into fine 
sprays. 

Slit sprinklers are the first to be considered. In that introduced 
by Lenz in 1870 on steamers on the Volga River and Caspian Sea, the 
sprinkler was of cast brass, and divided by a partition in halves, so as 
to prevent the intermixture of the oil and steam. The partition termi- 
nates in the front in a tapering tongue, in the grooves of which the oil 
flows out, to be blown away in thin sprays by the steam that issues from 
the under side of the tongue. It is objected to slit sprinklers, as a class, 
that they entail so much waste of oil that their use is possible only in 
oil regions, where the fuel costs little or nothing. 

Pipe sprinklers have proved themselves more economical than slit 
sprinklei-s, and are more readily cleared when stopped up by residuum 
and impurities. 
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Results of some experiments at the it^}Miir 8ho|)S of tite Uoston & 
Albany RailnwitL Sprinj^Jield, Mas8» The folhnving experiineuts were 
made \\\ L. P. Hi-et-keundge, M. E., Sept, 6, 7, 8, 9, mid 10, 1887, to 
see with what efficiency oil couhl Ije burned with thi^ ap]i!invtns and 
aijpUances controlled by tlie Aerated Fuel Conii^any^ of S[jiingiield, 

The two IxDilers with which the exi>erinientjs vvei^e made were mied 
at eighty horscpowei". They were of the locomotive t}'l>e, \veU eoven^l 
with wo(xl lagging, over whicli was a Kusfsin iron ct>vering^ bo that the 
radiation was reduced a;:* iniieli as potJBible. 

The two IxH lei's were of the same dimensions, 8ti»od side by side in 
the same room, had a euinmon steam pipe, and Avere fed by one injeetor, 
One of the two )K^ilei*s is snpjilied with two oil reservfai-!^. The oil to 
be burned is foreetl throngh a small (three-sixteenths inch) pipe inside, 
while the fi/r which serves to spniy the oil passes along tlie larger (thi-ee* 
fourths inch) tul>e outsidep The regulation is effected by changing the 
|iosition of the inside tulw* 

In the test« under cons kle rati on tlie air was supplied to the side 
reservoirs by an mr pump, the same tus used to [nnnp air for the 
Westinghouse air brakes, size (»f the air cylinder l^eing eight inches in 
diameter, stmke eight inches. All tlie water fed to the Imilers during 
these testM Wivs caiefuUy weighed in unifonu amounts of four hundred 
pounds. All the oil wa.s also weighed, the suction pipe from the oil 
pump being carried to a barrel jdaced on scales for this purpose* 

The steam for running the air pump Wiis taken from the iKiilers; and, 
in onler that the amount of steam usetl to furnish the neceasaiy air for 
spj-aying the oil might he known, the exhaust steam from tlte pump 
Wits all condensed, and the condensed water weighed* 

Beff»re making the test on the oil, several trials were made to 
detei'mine tlie most econtmiical jiressure to carry on the air for spniying. 
This was found to lie nearly tt^n pomifh per i^qitnn* intrh. Below seven 
pounds steam conhl not l>e kept up to the desired pressui^e, while above 
fourteen it was necessary to shut off one burner on each Ixiiler occasion- 
all}' ; while the steam used by the air jmmped increased without an 
increased evaporation in the boiler. 

While burning coaU there was a damjjer i-egulator attached to the 
boiler, which hehl the steam constantly at one pressui'e. A similar 
arrangement for regulating the flow of oil throngh the humei'S by the 
steam pressui'e will l>e found useful and Wneficiah 

Table No* 5j4 i** a condensed summary of four runs ^^ith aW and one 
with coal, to which is added an analysis of the oil by Charles Mayer, 
of Springfield. 
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The A^htiibula Tuoi C'ompany writing tu tlie AiMiLtt'd Fuel C 'oiiiptuiyt 
of Springfield, Miksiij. : — 

AsHTABrLA, July 12, 1S^S8. 
Mh. J. H, Bulla HD, Manager, Springfield, M^isa^ 

DEAit !Sir; During the past two years our company have been t?ud (savoring to find 
BQm« econoitiicat fuel to t^ke the place of authraciU* coal in our general work of 
manufacturing^ agricultural implemente. 

Although not being in the *' Natural Gas Belt/^ we have two gas welb upon our 
premises, wliich furnish a supply the Beaaon tli rough for one furnace. We had 
iu^estigtUcd many devices for using crude oil, but found nothiui*: that waji practical 
in our business, where a quick and high heat is required In targe and atauU furnaces 
and upmi a wide variety of work, such as wn^lding. tempering, h razing, and the 
general working of stect and iron. We wanted a fuel that would work as nenr like 
natural gas as poasihle, quickly started, and enmly applied to our different kinds of 
work. Some three months since our attention was called to your system of aerated 
fueL Upon investigating the process, we were convinced that it would meet our 
wants, and arranged at once to introduce it generally into our fires (twenty- seven 
furnaces). We have been running about two mouths with the aeralt^d fuel^ having 
used neither coal nor coke during this time. 

We wish to say to the Aerated Fuel Company that tliis system has more than met 
our highest expectations. The fires are a complete succeuH in every forge. They 
are clean, safef and easily nin. Our workmen Uke them 1 tetter than the natural gas 
(the natural gas and oil fires working side liy slde]^ There is less scale, the metal is 
iiofter, and works easier. The oil fires start up and heat aliout as quickly as the gaa, 
and run as steadily and uniformly the ten hours through the day. As to economy, 
our system is so arranged that we can tell exactly how mvich oil we are using. We 
are running these fires for less than one sixth what it cost ut for coal. In forges 
where we used frtim two hundred and twenty -five to two hundred and fifty pounds 
LchigU egg coal per day, we now run witJi seven gallons crude oil, and get a better 
imd more even heat. 

W^hen some of the many advantages of using oil over coal are looked Into, — 
such OS the cost of handling the coal into the shop and cindei'a out, the quick 
heat after starting fii-es morning and noon compared with the waiting for coal, — 
we lind a s^kviug of over So per cent in favor of the oih With your system there is 
no waste heat. In fact, no heat save just where it is wanted, the material needed 
being concentrated there. We are aware we have made a strong statement, hut the 
facta win hear out all we have written you in regard to this new system of economic 
eal f ueh 

The use of petroleum for fuel for forges or furnaces, whei-e the 
chiinvcter of tlie product is improved or tlit product itE^clf incretused, hi 
where it can compete much more successfully witli coaL The Fninklin 
Moore Company, Wiustead^ Conn., i^Tites as follows conceniiiig tlie 
subject ; "We find that a Ixtrrel of crude oil will I'lui a forge fii^ for 
aeven days, that has used one luindi-ed and twenty poundn of coiil jier 
day upon the avemge. Hut even if it coat niore tluwi cjoal, we sliould 
feel comtrained to use it, l>et"atuse it ia sut*h an e^eii &Aall ihc wliik^ 
needs no attention, makes no ^i^h^j^ ««Mii^»He|^|^^^H^e for every 
cent we pay for fuel. ^^^^^^^^^ 

" Cost of coal seven days, $2*T8 ^B t1^ 
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Withcmt jfoiiijr into tlu» relative cost of |)eti*oleum oil found eLsewben-. 
wliieh varies in every iniirket, we submit the follo\*iiig statemmt of 
results said to have l)eeii obtained in dollars and cents, and leave our 
readei-s to ealcuhite the evajxirative efficiency in the same units on au 
eva]M)i-ation of say ten |)ounds of water with one pound of coal, and the 
prices of the two classes of fuel which can be had in their own vicinity. 




At the Michigan Carl)on Works, Detroit, Mich., there were bumeil: — 

Durinp November, IS^T, 704 tons of lump coal, at $2.70 per ton . . t2,062^) 

Unloading at 8 rt'iits i>er ton 61.12 

Labor for iirenien ana wbeelinfj 286.45 

$2,4iaSi 



Total 



During Noveinl)er, 1888, thei*e were burned: — 



2,001 barrels of crude oil at 5.") cents i>er barrel 
Lal>or for Iirenien 



$1,133^ 
120.00 



»l^ 



Total * . ti.i:*&55 

Amount saved over corresponding month last year tU3(l82 

or 48 \H'r cmt. 

Tests made with this burner have shown an evaporation t>f §irU^ nmti i^^-ikirda 
pounds of water with one pound ofoiL 

•Empire Hydrot^arlN^n Co., 18 Exchange PIace,New York, X. Y., fnim lVir*i- Mf^«». J»-- 
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Bi-andt's pipe sprinkler was introduced in 1880, principally for marine 
engines. The oil and steam mix in the space between the needle and 
the cap, which is regulated by a screw in a bi*ass casing, and enter the 
fire box in a conical bundle of streams, which are then consumed. 

Smith s pipe sprinkler, recently patented in England, consists of two 
concentric pipes, of which the inner one can be displaced against the 
outer, and a central screw spindle with a cone-shaped outlet. The 
outer pii)e receives the oil from the supply pipe, and the oil mixed with 
ail" enters tlie inner pipe through openings in its circumference, and 
reaches the cone outlet. The space between the inner and outer pipes 
is filled with steam, which streams out of the cone-shaped outlet in a 
circular form. 

PETROLEUM BURNERS. 

In the search for cheaper fuel many expectant glances have been cast 
in the direction of petroleum, and many endeavors made to utilize the 
heat so abundantly stored in this convenient form. 

For some reason or other, notwithstanding the advantages which this 
fuel offei-s, no system of burning it seems yet to have met with very 
universal adoption, although considerable progress has been made, and 
good results are being obtained by several. 

If the testimony of reliable parties may be accepted, the burners 
illustrated in accompanying engravings are accomplishing veiy creditable 
results in this direction. They are designed for attachment to the 
boiler front, preferably to the door itself, having flexible connections in 
order to allow the door to be opened and shut. 

Burner B, figure 2, is thus described : Oil under pressure is admitted 
at the lialf-inch opening, as marked in the engraving, and led, as shown 
in the small section, through the cored passage to the jets, a, a. 
Through another half-inch pipe steam is brought to the intersection of 
these jets, spraying the oil as it passes from them, and at the same time 
inducing a current of heated air from the furnace itself through the 
larger openings shown. 

The oil issuing under pressure is spi*ayed by the steam and mingled 
with the hot air and gases from the furnace, and issues from a jet five 
eighths of an inch in diameter in a condition most favorable for 
instantaneous and complete combustion. 

By changing the relative positions of the oil and steam jets, the 
character of the flame may be varied, giving a large, full flame near the 
burner and projecting it a distance of thirty feet, if desired ; while by 
the manipulation of the steam and oil valves the flame may be reduced 
to a condition equivalent to a banked fire, supplying only sufficient heat 
to keep the closed boiler under a low pressure of steam. 
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*BURRELL LIQUID FUEL BURNER. 

The advantages of this new burner are as follows : — 

Ist. Its simplicity and adaptability to any furnace. 

2d. Its construction so as to allow of its being readily taken apart. 

3d. Its heating and superheating chambers, which insure steam that 
is more readily decomposed and oil thoroughly vaporized. 

4th. The regulation of steam and oil vapor immediately at the nozzle 
and not at the valves, as in all other burners. (This we regard as our 
crowning achievement in means for the economic and perfect combus- 
tion of fuel oil.) 

5th. The pipe connections so arranged as to suit any furnace. 

6th. The admission of air can be regulated to the requirements of 
the oil and steam, thus giving an intense flame. 

7th. It is made in one size only. All parts are duplicate and 
interchangeable. 

8th. It may be used with or without other fuel, and may be so 
applied that oil can be burned one day and coal the next. 

9tK Its design admits of several burners being arranged together for 
locomotive and marine use. 

10th. Its internal construction has been especially arranged to thor- 
oughly vaporize and economically consume the Standard Oil Company's 
fuel oil, which is recommended as the best and the cheapest. 

And it may also be added that the price places it within fair reach of 
any desiring to change from solid to liquid fuel. 

The various purposes to which the Burrell burner is applicable are 
many ; and it can with safety be said that, wherever a clean, continual, 
and intense heat is required, it may be used to advantage. 

The foregoing cut shows the interior construction and arrangement 
of the burners; and, by a study of the same, all the good features 
enumerated will be readily understood. 

Attention is called to the following specific directions : The burners 
are sent out with steam and oil openings at the nozzle closed, as shown 
in the preceding cut. Without opening or altering this, make the 
atUuihnient to the furiuue as follows : — 

Bore a one aiid a hiilf inch holL* through tht fimiaet* front (or jihitc, 
if used iu^ieHrl of n dvuir) for muh biirikt^n lunt fit iIll^ no^zh' of tlie 
easting into it^ until tin* ll^Sg^ ^" clone rontai-t with the fmiit or 

door; then murk thn^ti ! '* i hules, arul drill for thrt'CHnj^Hjlhs 

inch maoliitje mM yinfc li tt mi ► utn und ilit-n HcTiiring the bunier 









Digitized by 



Googie 



1(]4 

-H 3^^ " "Vky 

/ M^ Heat: Its Scienxe, Production-, and Application. ^« ^ 

PETROLEUM OIL FOR POWER. 



A SUCCESSFUL PETROLEUM ENGINE. 

For some time past, nays the London Standard^ a firm at Hull has been 
endeavoring to overcome the difficulties which have liitherto stood in 
the way of using the ordinary petroleum tvs motive power for engines. 
In this they have now fully succeeded, as Wiis demonstrated by a 
petroleum engine which we inspected at their London offices. In this 
engine the oil is placed in a closed tank inside the foundation of the 
engine, and air is pumped into this tank until a i)res8ure of about five 
pounds to tlie square inch is obtained. The air is then mixed with oil 
until it is formed into a vapor, after which it pisses into a closed iron 
vessel or vaporizer, where it is heated, and from which it is admitted 
into the engine cylinder and ignited by means of an electric spark. 
Tlie spark is obtained fi*om a small primary battery capable of doing 
about thirty hours' work without attention, and which can be renewed 
at a veiy small cost. In starting the engine the vaporizer is heated for 
a few minutes, after which the necessary heat is obtained from the 
exhaust i)roduct« of combustion while on their way to the chimne}'. 
The cylinder is water jacketed, the water being kept in circulation by a 
small pum]). 

After it has once been started the engine works automatically, prepar- 
ing its own source of i)ower, heating its charge, cooling its cylinder, and 
supplying its own spark for ignition. The great point here is that 
only ordinary petroleum is used, which, moreover, is entirely consumed, 
leaving no residue whatever, the combustion being complete. 

Tlie cost of working this engine, taking the oil at the present price, 
is stated to be a little more than a half-penny i)er hour. 

Tlie engine is simple in construction, and is well adapted for use 
where steam is inadmissible and coal gas not obtainable. It has been 
thoroughly tried and^proved in practical work before being brought out. 

It must be known to many of our readers that in this country much 
attention has been given to the production of a successful petroleum 
engine. 

(tco. B. Brayton, of Providence, R. I., has done much good work in 
this line, has been granted many patents, and is probably still making 
improvements. A number of his engines have been put in small yachts. 

A firm near Boston had a j>etroleum engine of several horse-power on 
exhibition at the Mechanics Fair in Boston last year. 

A successful steam engine, with kerosene oil for fuel, is shown on 
^ next page, 
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•THE SHIPMAN OIL ENGINE — BOSTON MODEL. 



Air 

pump 
to start 
the thea 
With bcforo 
the Btcani i» 
raised. 
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This (lewign is tlit' liitesi i>rtMlui'doit ui the iiiiiker, h tiuto 
iiKitir ill all it^ fuHi'tious, iiiul {liTftn^tly nafe to o|>emt^ any- 
where, Tlie fugiuea are imule to fk*veh)p 1. 2, 4, aiul 6 
1 lorse-power. The Ixiilem are made of wnmy^ht iron or uteel, 
iiul tosted to :ioo piMUKls ii+^rsnimixi inch. 

Smok©rii>o ^» 111 




FIGURE No. 3* 



The average amount of fuel consumed is two quarts of oil, costing 
from 3 to 3j^ cents per horse-power per hour. By means of diaphragm 
valves, the oil supplied is so regulated as to preserve a constant steam 
pressure ; while a float, controlling the action of the feed pump, Insures 
the automatic maintenance of a constant water level. 

So many of these engines are used for small boats or launches, tliat 
the company liave put upon the market launches fitted with their 
engines, and having a speed of from six to twelve miles per hour. The 
automatic features of the engine take care of the motive power^ and allow 
a single person to successfully operate a boat. The engines for ** 
pose are, of course, made with a reversing gear. 

No additional insurance is charged for their use. 

•Tbe Shipman Oil Eng^ine Co., 92 Pearl St., Boston, Mass. 
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PLATE No. 4. 

STEAM LAUNCH, "THE SHIPMAN/ 




DIMENSIONS. 

27 feet long, 5 feet beam, draught, 22 inches. Engine, 2 horse-power. Speed, 8 
niiloH per hour. KerostMie oil fuel, costing 3 to .'H cents per horse-power per hour. 
Cost C(»niplete, from :?700 to ^X), according to style of finish. 
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]sfi NATURAL GAS: TRANSPORTATION AND USE. 

C\l f AVING considered the conditions and results that may l)e derived 
from tlie proper burning of coal and bitumen in their solid j 
powderedj and liquid state, there remains but one other con- 
dition in which the product of coal may be found, or converted 
into fuel ; viz., natural or manufactured gas ; and, as the writer has had 
but one personal experience with gas fuel, the following chapters are 
made up of extracts from the scientific pa^^ers and items from several 
other sources. 

* History. Natural gas was known to man in prehistoric times. The 
earliest historical reference to the Magi of Pei-sia records them as 
worshiping the fii*es that blazed in the fissures of the C'aucasus, at least 
six hundred yeai-s before the Christian Era. 

Marco Polo, the celebrated traveler of the 13th century, refers to the 
burning jets of the Caucasus, and those fires were known to the 
Russians as continuing in existence since the army of Peter the Great 
first wrested this region about the Caspian from the modem Persians. 

In the confines of Persia, in the south of France, and in our own 
western and middle States burning springs have long been known. 
Even the utilization of natural gas for purposes of the mechanic arte 
has l^een successfully attempted in China, wheie by pipes of bamboo it 
has l)een conveyed from natural ^vells to suitable furnaces, where by 
means of term cotta burnei-s it was consumed. 

In the United States the phenomena of burning springs were observed 
by tlie earliest settlei-s west of the Alleghenies. The localities that 
have been most celebrated for their gas wells are : Fiedonia, Chautau- 
qua county, New York ; Wilcox, Elk county, Pennsylvania ; Rochester, 
Beaver county, Pennsylvania; Burns well and Harvey well, Butler 
county, Pennsylvania; Leechburg, Westmoreland county, Pennsylvania; 
Sheffield, Warren county, Pennsylvania; Allegheny county, Pennsyl- 
vania ; Erie, Erie county, Pennsylvania ; Painesville, Lake county, Ohio ; 
East Liverpool, Columbiana county, Ohio ; Gambier, Knox county, 
Ohio; New Cumberland, Hancock county. West Virginia; Burning 
Springs, Wii-t county. West Virginia. 

* ScieiUiJic Ameriean^ July 11, 1886. 
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The Origin of Natural Gas and the Regions Where it is 
Found. Of the origin of natural gas, there seems to l)e no reasonable 
doubt. It arises from the decomposition' of forms of animal and vege- 
table life imbedded in the rocks in suitable situations. 

The gas is not believed to be generated continuously, but merely to 
be stored in porous or cavernous rocks overlaid by impervious strata. 
When these collections are tapped, the gas is set free, but a new supply 
is not being formed to take its place. 

The position in which gas is found is very variable, deixjuding on 
the force of gravity and the position of the porous stmta in which the 
gas is confhied. 

The region in which gas is found is practically embraced in that 
portion of Pennsylvania west of the Allegheny Mountains, and extend- 
ing into Ohio, New York, and West Virginia a short distance. It is also 
stated to have been found to a limited extent in Illinois and Kansas. 

"In the great petroleum region of the Appalachian system the 
accumulations of gas are often found upon the anticlinals in tlie pebble 
conglomerates and sandstones wliich liold j)etroleum ; while at a still 
lower level in the troughs of the synclinals salt water occurs. In a 
general manner, with the sea level as a datum line, the Venango and 
Bradford oil sands lie sloping with a gentle inclination, the southwest- 
ern edges submerged in salt water and the northeastern edge saturated 
with gas at an enormous pressure. Not the sliglitest evidence tliat 
volcanic action has ever obtained in that region has been observed ; but 
all the geological features lead to the conclusion that petroleum and 
natural gas have been produced by the same cause. That volcanic 
action is not that cause, is further shown by analyses that have been 
made of natui-al gas from different localities. 

" In the gases from burning springs and wells carburetted hydi-ogen 
predominates, accompanied by other products of distiUatian. In the 
gases from solfataras (of volcanic origin) carbon dioxide predominates, 
accompanied by other products of the combust ion of carbon. The 
distillation of strata rich in organic remains, when invaded by meta- 
morphic action, has doubtless produced the inflammable gases of burn- 
ing springs and gas wells in a manner analogous to and often simulta- 
neous with the production of petroleum." 

The Discovery of Natural Gas in the United States. "The 
record of natural gas in this country is not so complete as that of petro- 
leum, but we learn that an important gas spring was known in West 
Bloomfield, N. Y., seventy years ago. In 1864 a well was sunk to the 
depth of three hundred feet upon that vein, from which a sufficient 
supply of gas was obtained to heat and illuminate the city of Rochester, 
twenty miles distant, it was siipposed. But the pipes which were laid 
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for that i)urpose, being of wood, were unfitted to witlistand the pressure, 
in consequence of which the scheme was abandoned ; but gas from that 
well is now in use as an illumihant and as a fuel, both in the town of 
West Bloomfield and at Honeoye Falls. The village of Fredonia has 
been using natural gas in lighting the streets of the city for a period of 
thirty years. 

The use of natural gas in Fredonia was begun in 1821, when experi- 
ments were made to determine its illuminating value ; and it was intro- 
duced into a few of the public places, among which was the hotel that 
then occupied the site of the Taylor House, and which was thus illumi- 
nated when Lafayette passed through the village in 1824. 

First Use of Natural Gas. On Big Sewickley Creek, in West- 
moreland county, Pennsylvania, natural gas was used in evaporating 
water in the manufacture of salt thirty years ago, and gas is still issuing 
at the same place. 

Natural gas has been in use in several localities in Eastern Ohio for 
twenty-five years, and the wells are still flowing as vigorously as when 
first known. It has also been in use in West Virginia for quarter of a 
century, as well as in the petroleum region of Western Pennsylvania, 
where it has long been utilized in generating steam for drilling oil wells. 

Professor Wurtz, as long ago as 1869, urged the use of natural gas in 
the region of which the great gas well at West Bloomfield, Ontario 
county, N. Y., was the centre. 

In a discussion before the Lyceum of Natural History of New York, 
October, 1871, he gave the quantity of gas sent out by this well as 
five cubic feet per second, and the composition 82ji volumes per cent 
marsh gas, 10 per cent carbonic acid, 3 per cent illuminating gases of 
the olefine group, estimating its heating power equal to fourteen tons of 
anthracite coal per day, and discussing at length the question of carry- 
ing the gas under heavy pressure great distances for use as a heating 
and lighting agent. Professor Wurtz indicated five or six beds running 
across New York State, "lying deep enough and thick and porous 
enough " to pour out combustible gas when tapped. And he repeated 
a statement that he made long before editorially in the columns of the 
OiM Light Journal that " It may be accepted with implicit confidence as 
a fact, that there are vast districts of country throughout the United 
States in which, by judicious exploration, an immense number of such 
fountains of natui-al gas may be developed, furnisliing a fuel which 
raises itself from the mine, and which may be made to transport itself 
up hill and down dale, to any point required, independently of seasons 
and circumstances, miners' strikes and railroad strikes to the contrary not- 
withstanding. A future lies before this new art of developing the gifts 
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of Mother N.itui-e, big with a promise, for wliich even the wondrous 
history of Anierieaii i)etroleuni production has furnished no paraUel." 

• Chemical Composition. Natuml gas consists, wherever found, 
mamly of marsh gas or light carburetted hydrogen. It also is liable to 
contain, in some loc*alities, hydrogen, nitrogen, carbonic acid and oxide, 
and other constituents in small quantities. Its composition varies in 
the same well at dififerent jieriods. 

The following is the analysis of gas obtained from the well of the 
Fuel Gas Company in Murraysville : Hydrogen, 19.56 ; marsh gas, 
78.24; oxygen, 2.20. 

Gas from Leesburg, Pa., analyzed by S. P. Sadtler, shows hydrogen, 
4.79 ; marsh gas, 89.65 ; ethane, 4.39 ; carbonic acid, 0.35 ; carbonic 
oxide, 0.26 ; illuminating hydrocarbons, 0.56, with traces of propane. 

From West Bloomfield, N. Y., by H. Wurtz: Marsh gas, 8i41: 
carbonic acid, 10.11 ; nitrogen, 4.31; oxygen, 0.23; illuminating hydro- 
carbons, 2.04. 

* Comparison of the Heating Powers of Natural Gas and Other 
Fuels by C V,. Hequembourg. Results of many average teste of 
gas from Bradford, Pa. show : — 

1st. Compjired with coal gas, natural gas exceeds it in calorific N'alue 
33>^ I>er cent. 

2d. With crude, ordinary, and best methods of combustion, the calo- 
rific value of natural gas comi)ared with coal under best conditions is: - 
With crude metliod .... 20 cubic feet=l lb. coal. 
With ordinary methml . . . 11.29 cubic feet = 1 lb. coal. 
With l)e8t method 8.92 cubic feet=l lb. coal. 

•Heating Capacity. A thoi-ough test was made last spring by a 
committee api)ointed by the American Society of Mechanical EngineeN 
to ascertain the relative heating capacity of natural gas and of Pitt- 
burg coal. It was found that 1 pound of coal evaporated 9 pounAs oi 
water from a temixjrature of from 60° to 62°, and 1 pound of p^ 
evaporated from 20 to 31 pounds of water under similar conditi(»nN 
Practically 1 pound of gas is equal to 2 i)Ounds of coal. 

There are 28 J4 cubic feet of natural gas in 1 jx)und's weighty or 42^ 
pounds in 1,000 cubic feet, the commercial unit. 

S. A. Ford, chemist of the Edgar Thomi)son Steel Works, at Pitt^ 
bur^, ]\i., has made a numl)er of analyses of natural gas, with a view of 
estimating its heating iK)wer as compared with coal. He finds tk^^ 
1,000 cubic feet of an avenige gas contains 833,766 heat units, an<l 
weiglis, in round numbei-s, 38 |)ounds. Now, 38 {Kiunds of carbon eoi^- 
tain 549,505 heat units ; so that it will take 57.25 |K>unds of carbon i ' 
contain the same number of heat units as the 1,000 feet oi natural gaN 

•Scientijic American SupplemenU, 
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Estimating that coke contains 90 per cent of carton, we have 
62.97 pounds of coke, equal in heat units to 1,000 feet of natuml gas. 
If a ton of coke, or 2,000 pounds, cost $2.50, then 62.97 pounds will 
cost 7.87 cents, or 1,000 cubic feet of gas is worth 7.87 cents for heating. 

Economic Localities and Production. The most important 
economic locality is that in the immediate vicinity of Pittsburg, which 
supplies that city with the fuel for tlie vast iron and glass works and for 
numerous private dwellings. There are six natural gas companies in the 
city managing 107 wells, and supplying the gas through over 500 miles 
of pipe, of which 232 miles are situated in the city proper. The total 
area of pipe leading into the city of Pittsburg is given as 1,346,608 
square inches, and the total capacity of the lines is estimated at over 
250,000,000 cubic feet of gas per day. 

The largest company is the Philadelphia Natural Gas Company, 
which supplies over 500 manufactories and over 7,000 dwellings . 
with the entire amount of fuel consumed. 

* Fostoria, Ohio. The region about Fostoria is organized luider the 
Northwestern Gas Company, and controls a large territory. It supplies 
the city of Toledo (which uses no other fuel) through pipes 30 miles 
long, and Fremont and other towns. The gas, when it comes from 
the well, is about the tempemture of 32° Fahr., and the common 
pressure is 400 pounds to the square inch. 

Tlie Ohio area of gas is between 2,000 and 3,000 square miles. 

The claim of the Indiana area is that it is 20,000 square miles, but 
the geologists make it much less. 

The speculation in real estate has been perhaps without parallel in 
the annaLs of the State ; and, as usual in such cases, now there is a lull 
waiting for developments. But these have been almost as wonderful 
as the speculation. 

Findlay was a village in the black swamp district — one of the 
most backward regions in Ohio. For many yeai-s there had been 
surface indications of gas, and there is now a house standing in the 
city which used gas for fuel forty yeai-s ago. When the first gas 
well was opened ten years ago, the town had forty-five hundred inhabi- 
tants. It has now prokibly fifteen thouKuud ; it \^ a city, and iU limits 
have been extended tu cover an area of ^\x miles iDiig by four miles 
wide. This is dotted over with liastily built housoit aidI ii» nipidly being 
occupied by manufactunjig esUiblti^hmcuUi. X. 

The city owns all tiie gn?* wctb^ and ^"■' i'aetories and 

private houses at the s 1 inple c(^t-u4)S|in^t<^i . i .^ > I m pe@« 
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This immediate region has au oil field contiguous to the gas, plenty 
of limestone (the kilns are bui-ned with gas), good building stone, clay 
fit for making bricks and tiles, and superior hard-wood forests. 

The cheap fuel has already attracted here manufacturing industries 
of all kinds, and new plants are continually being made. Among the 
most interesting of these are the works for making window and table 
glass. 

Gas Wells. * The regions in which natural gas is found are for the 
most part coincident with the formations producing petroleum. This, 
however, is not always the case ; and it is worthy of notice that some 
districts which were but indifferent oil producers are now famous in gas 
records. The gas driller, therefore, usually confines himself to the 
regions known to have produced oil, but the selection of the particular 
location for a well within these limits appears to be eminently fanciful. 

The more scientific usually select a spot either on the anticlinal or 
the synclinal axis of the formation, giving preference to the former 
position. Almost all rock formations have some inclination to the 
horizon, and the constant change of this inclination produces a series of 
waves, the crests of which are known as anticlines and the troughs as 
synclines. 

The site having been selected, the ordinary oil-drilling outfit is 
employed to sink a hole about six inches in diameter until gas is 
reached. In the neighborhood of Pittsburg this is usually found at the 
depth of thirteen hundred to fifteen hundred feet^ in what is gfenerally 
known as the third oil sand, a sandstone of the Devonian period. 
When the driller strikes gas, he is not left in any doubt of the event ; 
for, if the well be of any strength, the gas manifests itself by sending 
the drill and its attachments into the air, often to the height of a 
hundred feet or more. 

The plant at the well is much simpler than one would suppose. An 
elbow joint connects the projecting end of the well piping with a pipe 
leading to a strong sheet-iron tank. This collects the salt water brought 
up with the gas. Ordinarily about half a barrel accumulates in twenty- 
four hours. A safety valve, a pressure regulator, indicator, and a 
blower complete the outfit. When the pressure exceeds a prescribed 
limit, the valve opens and the gas escapes into the blow-out. This is 
usually thirty feet high or more, and the gas escaping from the top is 
either ignited or permitted to discharge into the atmosphere. The pipe 
line leading from the tank to the city is of course placed underground. 
Beyond a little wooden house, the blow-off, and a derrick, the gas farms 
differ but little in appearance from those producing less valuable crops. 

• Scienttjlo Americant Feb. 27, 1886. 
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The pres^suie of the gaa at the wells varies considerably. It is 
generally Ijetvveen one hundred and three hundred and twenty-five 
pounds. As uiiifh as seven hundred and fifty pountls per square inch 
lias l>een measured^ and in many ca-ses the actual pressure is greater 
than this; but as a rule it is not permitted to much exceed twenty 
atmospheres in any receiver or pipe. The maximum pressure in lines 
of the Philadelphia Compaiiy is three hundi^ed and forty pounds* The 
supply of Pittsburg is largely in the liands of this organization, and 
drawn from its wells at Tarentum and Miirraysville- 

Transportation and Pipe Lines-* Tlie pioneers in the piping of 
natnnil giis for nicchaniual [jurptises were an organization of prominent 
I'ittslmrg manufacturers and pi-actieal oil men* It was organized in the 
eiimmer of 187-5, and gas was turned on to the line in the fall of 1876. 
Tilt! wells were situated in Clinton Township, Butler county, Pa., and 
the mills supplied wem those of members of the firm situated in Etna 
and Jlillvale, suburban Ixu'oughs of Pittsburg on the Allegheny river 
and distant from the wells seventeen miles. It was not, however, until 
1884 that the fuel gave any indication of the role tliat it was afterwards 
to filh 

The question of pipe age is (jne of immense importance, and, with 
increa^^etl knowledge of the best conditions for securing an even flow of 
gas, becomes even moi'e prominent; for the lines are being rapidly 
extended in length, and it is asserted by many practical men that they 
will some day i*eacli the seaboard. 

The pipe lines of tlie PlLiiadel[)hia Company vary in diameter from 4 
to 10 inches- The Chartiei's Company, however, have one line of 16 
inches in diameter. In the city the distributing mains ai^e fi'om 4 to 24 
inches. The general tendency is to an increase of diameter, in ortler to 
lessen the friction and enable the supply to meet any unexi>ected 
demand without interfering with the usual flow. The average diameter 
of the city mains may l>e stated as 16 inches. Tlie distributing pipes 
vary from 4 to 10 inches. 

The pipe lines have to lie laid with the greatest care, to witlistand 
these high pressures and avoid leakage* They cost from $2,000 per 
mile for iMpes from 4 to 8 inuhes up, to 130,000 for 24 inches. The 
Philadelphia Company alone luis about 375 miles of pipes 4 inches in 
diameter and over. 

Every day line walkei^ go over the wliole line, and submit j^pniis 
of its condition to the central office . In additi' i daily inspn 

tion, a man is sent by the company to evet^y^f^^ f^tii duty 

turn oflf the gas from the burning building ; 
immediate danger. 

■ For i]i&H;nLm of the pliw Uur^. f^^ 
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The question of pressure lliroughout the lines is one of vital 
importance, and its regulation demands constant attention. For this 
purpose valve houses or stations, to the number of 22, have been estab- 
lished at various [joints on the line as well as in the citj-, and at 
Tarentum, Murraysville, and Dick Farm. At each of tliese stations the 
pressure is registered eveiy hour. The company lias four telegraph 
lines of its own, of a total length of about eighty miles, and each station 
is connected with the central station on Penn avenue. 

Tlie pi-actical questions of leakage, dangers from explosions, and 
controlling the gas under high pressure have been solved by the 
Pennsylvania comi)anies. The following are results given to the public 
by tlie Philadelphia Company, Pittsburg, Pa. : — 

"It Inking practically impassible to make a series of joints in the 
ordinaiy way that could 1x3 dei>ended upon to remain gas-tight, the 
attention of inventors and engineers was then directed to devising and 
perfecting suitable safety appliances, first, to make the joints more 
secure, and second, to confine within certain limits any escaping gass 
and to conduct it through auxiliary i)ii)es to pLaces where it could 
escai)e safely. Such a system was perfected and applied to more than 
one hundred miles of main pipes in Pittsburg and Allegheny City with 
most gratifying results. By its use the actual loss of gas by leakage is 
less tlian 1 per cent, and the danger of explosions from this cause is 
practically overcome." 

Cost of Pipe Lines. In an article by Geo. H. Christian, in the 
Scientific American^ the author estimates the cost of a line of wrought 
iron or steel pipe, 300 miles in length, and delivering 225,000,000 cuWc 
feet daily, with an initial pressure of 300 jwunds to the square inch, at 
i5l 6,000,000, including right of way, gas property, drilling of wells, and 
city pipe system. 

" At firat sight the sum of $16,000,000 might seem to be so great as 
to preclude capitalists from investing in such a scheme ; but, when we 
estimate the receipts from the sale of this gas, we will probably change 
our minds. 

"One thousand feet of natural gas contains 1,000,000* heat units; 
1 bushel or 50 pounds of hard coal, 1,200,000 heat units. In burning 
gas for domestic purposes, you realize 50 per cent more of its heat than 
you do in burning coal, or your gas would be equal to 100 pounds of 
hard coal. Hard coal in New York City or Philadelphia is worth ^ 
per ton, or 25 cents per 100 pounds. 

• Discrepancies in the estimate of the heating power of one thousand cubic feet of g»s br 
different authorities, are due probably to difference of pressure; the density, and hence the beatiBS 
capacity of a given volume of the gas, being proportional to the pressure. 

Bee Table No. 3, page 36. 
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NATURAL GAS IN INDIANA.* 

''Some idea of the vast importance of the natural-gas interest of Indiana may be 
gained from a study of the report recently made by the State Geologist. He has 
been collecting all the information he could possibly obtain conceniing the subject, 
and from the results of his investigations we learn that the gas area of Indiana is 
165 miles in length by 65 miles in width; altogether there are 381 paying wells in 
this district Tlie entire flow of gas is placed at 600,000,000 feet, of which it is 
calculated something like 1,000,000 cubic feet go to waste. The average flow of gas 
from each well is stated as being about 150,000 cubic feet. The report further 
mentions the fact that, during the past two years, 79 manufactories have been 
located in Indiana, simply and solely because of the fact that they could obtain this 
fuel. Their combined capital is stated, in Fire and Water, as reaching $4,500,000, 
and it is said that they will employ 5,800 men.'' 

The most active development of natural gas in Indiana at present seems to be in 
the vicinity of Muncie, as described in the following article from the Boston Ilerald 
of March 6, 1880:— 

** * Muncie, the New Eldorado.— Muncie is located on tlie beautiful and historic 
White River, and two years before the discovery of natural gas contained 7,000 
people. Tonday the population exceeds 14,000. 

" * Muncie is called the ** Natural Gas City of the West." She far outstrips her rivals 
in enterprise, location, and quantity and quality of natural gas. She has the flnest 
Court House in the State outside of Indianapolis, and her schools are models of 
perfection. Twelve churches, Ave hotels, rows of brick and stone blocks, paid fire 
department, water-works and perfect sewerage system, macadamized streets, and 
miles of stone pavements, fringed with lovely maple trees, give comfort and attrac- 
tiveness to the city^s appearance. 

*** Thirty-three mighty gas wells witliin a i*adius of two miles pour forth over 
100,000,000 cubic feet of natural gas per day, equal in heating and lighting power to 
5,000 tons of coal per day. 

" ' The minimum cost of coal is $2 per ton, making the daily capacity of Muncie 
wells equal to $10,000 worth of the best fuel in existence, and amounting to the 
enormous sum of over $3,000,000 per year. 

** * It is estimated that an ample supply of gas is found or manufactured beneath 
each 10 acres to support a well, which would allow 64 wells to a section, or 2,.304 
wells to the township in which Muncie is located. 

** ' Eighteen large factories have been located in Muncie within the last 18 months, 
and new ones are seeking the field every week. Free fuel and land are given to manu- 
factui*ers, thus insuring a saving of from $5,000 to $40,000 yearly to each manufac- 
turer locating in Muncie. 

'*'Two manufacturers now there inform us that they are saving from $30,000 to 
$40,000 each annually. Houses are furnished with heat, fuel, and light the year 
round for from $4 to $16 per year. 

'* 'A belt line of railroad skirts the town, and runs through the property of the com- 
pany, giving manufacturers direct communication with three trunk lines of railroad; 
namely, the C. C. A I. or **Bee" line, the Lake Erie & Western, and the Fort Wayne, 
Cincinnati & Louisville, which crosses all east and west trunk lines. 

** * A company with a capital of $2,000,000, with ex-Governor Leon Abbot, of New 
Jersey, as President, has been formed under the name of the Muncie Natural Gas 
Land Improvement Co., for the purpose of buying, selling, leasing, improving lauds; 
erecting buildings, houses, and other structures; sinking wells; obtaining, using, 
storing, piping, and selling natural gas, oil, or other substances to be used for the 
purpose of fuel and light.' " 

(For other localities, see page 171.) 
• The Boaton Herald^ 18S9. 
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THE WASTE OF NATURAL OAS, IMPERFECT HANDLING, ETC.* 

Considerable comment lias been occasioned by Uie circular recently 
sent by the Philadelphia Company to the manufacturers who use gas, 
requesting them to prevent, as far as possible, the waste of fuel at their 
works. The request, the circular suggests, can be best carried out by 
the managers of the various plants instructing watchmen, furnace-men, 
and other employes to shut off the gas from all furnaces and other paits 
of the mills when the latter are not running. It is asserted that the 
circular referred to is proof that the natuml-gas supply is failing, that 
Pittsburg's mills and manufactories must soon return to the use of coal, 
and that even private consumers will before long find the gas inadequate. 

For over a year past the Philadelphia Company officials have been 
measuring the consumption of gas, making tests on improved furnace 
appliances, and otherwise investigating the fuel waste in the various 
mills. From the investigations in this district, figures have been 
deduced showing that a large proportion of the gas is wasted here. As 
an illustration, we append the following figures, given by the Phila- 
delphia Company, showing by exact measurement the amount of gas 
required^ and the amount i^ed to make a ton of iron in a puddling 
furnace of the ordinary style. Record from five leading Pittsburg milh. 

Gas consumed in actual work per ton of iron as above — average, 37,490 ft. 
Gas used during the whole time per ton of iron as above — average, 52,786 ft 

The quantity of gas used during the whole time (52,786 feet), as 
compared with the quantity consumed during actual work (37,496 feet), 
shows the waste occasioned by burning the gas too high between the 
heats, excessive use of the gas in keeping furnaces hot between turns, 
and the thousand and one ways in which careless employ&s waste the fuel 
because it comes into the mill without hauling. When the Philadelphia 
Company saw the loss occasioned, an effort was made to introduce 
furnace improvement, with the idea of economizing the use of the gas. 
In one mill great care in handling the gas had brought the consumption 
down to twentg-one thousand five hundred and thirty-five in making a 
ton of iron ; improvements further reduced the consumption to fifteen 
thousand nine hundred and fifty-ttvo. The best result yet attained was 
when a ton of puddled iron was produced in an improved furnace with 
an expenditure of twelve thousand one hundred cubic feet of gas. 

Kepresentatives of the gas companies say that they have visited 
factories when no one was at work, yet the gas was burning at a full 
head, l>ecause " the watchman forgot to turn it down." 

On the whole it is estimated that at least 50 per cent of the gas now 
used in the Pittsburg mills is lost through ineffective methods and bad 
management. 

^Scientiifie American^ March 2, 1889. 



^H 



Digitized by 



L.oogle 



177 

The Warming and Ventilation of Buildings. 



/ 



PERMANENCY OF THE NATURAL GAS* 

Petroleum and natural gas, wliich, for the moment, play so distinguished a role in 
the history of the Pittsburg region, are merely supplemental^ to its prosperity — a 
temporary, a fugitive condition to its wealth ; and, although inseparable from the 
main features of the carboniferous geology, yet to be treated entirely apart from 
coal in our forecast of the future. They make, indeed, a most important chapter in 
our description of the geology of the region; but that chapter will be seen in the 
course of time to be merely an appendix to the book. They go together into the 
chapter, for oil and gas are but two aspects of one and the same substance, 
originally united, and still in combination — the one a product of the other, but 
neither of them holding any natural relationship to coal. The oil and gas obtained 
from cannel coal and the coal shales are not the same as the oil and gas which spout 
and roar from the bore holes. 

As gas is a direct product of petroleum by spontaneous eyaporation, the life of 
the gas production will be limited by the amount of the volatile elements, held in a 
definitely limited quantity of petroleum existing underground; and, therefore, those 
who are producing and using this enormously valuable mineral substance should 
take every precaution to avoid its waste, seeing that it is bound to come to an end. 

Note. — The most noteworthy point in the composition of well gas is its frequent 
and i*apid variation. 

It has been an embarrassment to some consumers that there was not sufficient 
steadiness in the heat produced. One day the required heat was obtained at a 
certain pressure ; the next day the same degree of heat could not be obtained from 
the same amount of gas. 

Analyses of two samples of gas from the same well have exhibited the startling 
fact that at one time the gas is composed of only 35 or 40 per cent of the marsh-gas 
element, and at another time 70 or 80 per cent or even more. 

Of course the heating power falls as the percentage of the ultra-hydrogen element 
rises. The discovery is so recent that no account of the causes at work undergi*ound 
can be given. 

AVhen the natural-gas production comes to an end, it seems safe to say that a vast 
manufacture of artificial gas will take its place, and that the artificial gas will be 
less variable in its heat-producing quality. 

I take this opportunity to express my conviction in the strongest terms that the 
amazing exhibition of oil and gas which has characterized the last twenty years, 
and will probably characterize the next ten or twenty years, is, nevertheless, not 
on y geologically but historically a temporary and vanishing phenomenon — one 
which young men will live to see come to a natural end. 

For I am no geologist if it be true that the manufacture of oil in the laboratory of 
nature is still going on at the one thousandth part of the rate of its exhaustion. 

And the science of geology may as well be abandoned as a guide, if events prove 
that such an exhibition of oil in Western Pennsylvania, as our statistics exhibit, can 
continue for successive generations. It cannot be. There is a limited amount 
Our children will merely and with difficulty drain the dregs. 

I hold the same opinion respecting gas, and for the same reasons, with the differ- 
ence merely that the end will come sooner and be all the more hastened by the 
multiplication of gas wells and of the fire boxes and furnaces to which it is led. 

The exhaustion of the mineral coal of the region is, on the contrary, a practical 
impossibility. Every cubic yard of coal may be taken as a ton. Every square mile 
of a horizontal coal bed may be said to yield a million tons of coal to every foot of 
coal bed; that is, for a ten-foot bed, ten million tons, or, allowing one half for waste, 
five million tons. The Pittsburg region has an outspread of the Pittsburg coal bed 
Jl% miles long by fifty milea wide within the limits qf the State, 
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• From Report of J. P. Lesley, State Geologist of Pennetylvania, February, 1886. 
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APPLICATIONS OF NATURAL GAS. 

At Rochester, Pa., and East Liverpool, O., tlie gas is burned in 
enormous quantities in glasshouses. At Gambier, ()., and New Cum- 
berland, W. Va., the gas is burned in a manner to j)roduce lamp black* 
The gjis of the Burns, Harvey, and Leechburg wells is, or has been, used 
in puddling iron. The latter was found particularly valuable in the 
preimration of the quality of pure rolled iron used for tin plate. Bi-ad- 
ford and other towns in the oil regions are mainly heated and lighted 
with natuml gas from the oil wells, and in some instances from wells 
drilled on purpose to obtain gas. 

The gas of the Neflf and other wells is utilized largely for the produc- 
tion of lamp black. This black is veiy pure, and is well adapted to fine 
printer's ink and the like. It is also used in the preparation of litha. 
graphic ink. 

At New Cumberland, W. Va., Messrs. Smith, Porter & Company use 
natuiul gas for burning fire brick. The gas from one well fuinishes 
fuel for nine brick kilns, three engines and ten furnaces in the drying 
house, with fuel and lights for seveml dwellings, l)e8ides a large excess 
which is burned at the end of an escape pii)e. They produce fifty-five 
thousand brick daily. 

The gas from wells from many of these localities has been made very 
useful for technological purposes. Many gas wells have been drilled 
for private houses and manufacturing establishments. For the latter 
purpose, whei*e large quantities are used, the yield of the wells runs 
down in a few years. At Painesville, O., gas wells are bored for private 
dwellings, and the gas is often used for heating Jis well iis illuminating. 
REVENUE FROM THE SALE OF QAS. 

"If we should sell this gas for 12>^ cents per 1,000 feet, it would 
reduce the cost of fuel to consumers 50 per cent. The daily receipts 
from the sale of 2,000,000 cubic feet of gas would be $25,000, or 
$10,000,000 i)er year. Allowing 15 per cent on investment, you have 
remaining for yearly running expenses, improvements, repairs, and 
sinking fund, $7,750,000. 

" You may ask, how is it that you figure such a large revenue, when 
in Pittsburg their total yearly revenue is but $2,500,000 ? ITie facts 
are, in Pittsburg soft coal is used, and sells for $1.25 per ton as against 
$5 in New York. 

" If you should pipe from Findlay Field to Chicago, you could not 
realize over 10 cents per 1,000 cubic feet; but, even here, $8,000,000 
per year revenue should pay handsomely. 

" Cleveland and Cincinnati are both nearer the gas territory, and the 
cost of plant very much less. These places must very soon avail them- 
i i^ selves of this cheap fuel. 
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*MAKINQ STEEL AND IRON. 

"A demonsti'ation of the value of gas fuel and radiated heat has 
recently been made by James Henderson, at McKeesport, Pa., where he 
erected a furnace for heating scrap iron by burning natural gas. 

" In the construction of this furnace six one-inch gas pipes are placed 
at one end, which deliver the gas into a large expansion chamber, the 
quantity being regulated by valves and a blast gauge. This gas 
expands greatly in the chamber, and travels from the open end of the 
chamber to the air tuyeres, situated at the end of the gas passage, where 
a measured quantity of cold air is delivered to the gas, which has 
become highly heated in its passage to meet the air by the heat radiated 
by the burning of the preceding gas. The heat is probably 3,000^ Fahr. 
before it meets the air, which is delivered diagonally forward across the 
gas flue, so that its focus is but six inches from the heating chamber. 
The gas passes through the air, and is so thoroughly mixed that its 
combustion is perfect by the time that the flame, thus produced, entei-s 
the heating chamber, and there is no smoke anywhere ; the chimney top 
prevents the appearance of clear radiated heat observable out of doors. 

** The bed or health in the heating chamber is 20 feet long, 4 feet 6 
inches wide, and 6 feet from hearth in the clear; the flame passes 
clearly above the iron on the hearth, and about 1 foot clear of the roof 
to the uptake. Iron charged simultaneously at each of the 4 doors of 
the furnace becomes as quickly heated at the uptake as where combus- 
tion takes place, or in 6 minutes 250 pounds at each door is at a weld- 
ing heat and ready to draw; so that 5 piles may be heated every 5 
minutes of 250 pounds each. By charging at each door consecutively a 
pile may be drawn every minute, or 1,440 pounds, equal to 180 tons in 
24 hours. It is claimed for this furnace that if air be excluded from 
passing through the doors, except when drawing and charging the piles 
(which is not the case at McKeesport), nearly all the waste of 10 per 
cent usual in heating iron may be saved. The economy of fuel is very 
great, as the production is from ^ of that now generally used for heat- 
ing, with 7 times greater output from the less quantity. 

"Wrought iron exposed on the hearth of this furnace in large lots 
begins to melt in 10 minutes, becoming mushy, or so soft that it cannot 
be balled except it is first cooled by throwing water upon it, indicating 
that the furnace will be economical for making open hearth steel — its 
cost not being over $3,000 to make it, with a bed to convert 20 tons. 

"There are no regeneratoi-s, nor is heated air used, nor is there 
additional expense in heating the gas. This furnace dispels the 
that regenerators are essential to high temperatures for stee\ 
and shows that steel may be made for ahout }iofthe cost^ 
now incurred^ 

• Scieniijic American, Jan. 26, 1880. 
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♦THE MANUFACTURE OF WINDOW GLASS BY NATURAL GAS. 

** There is probably no industry among the many that have been 
benefited by the utilization of natural gas in which the results have 
been so marked as in the manufacture of glass. For a number of years 
past American glass has been undoubtedly inferior to the product of 
European factories, and has consequently occupied but a secondary 
position in the estimation of American builders and architects. The 
foreign manufacturers, and particularly those of France and Belgium, 
have hitherto manifested a superior dexterity in the handling of their 
materials. They seem to have held the secret of either neutralizing 
the effect of impurities in their fuel or of burning it in such a manner 
as to get the minimum disadvantage from their presence. This has 
been due partly to the greater experience in the industry and partly to 
the better construction of their furnaces. In some of the moi-e perfect 
plants, crude fuel has been abandoned and manufactured gas used 
instead, thus giving them in advance the advantages of natural gas, 
with the important exception, however, of its cheapness and almost 
total freedom from sulphur. These circumstances make imported glass 
synonymous with best quality. 

" That these conditions have now so far changed that our own manu- 
facturers can compete with the best foreign producers, and can even 
honestly claim certain points of superiority for the home product, is a 
subject for hearty congmtulation. The improvement has been effected 
by the more complete mechanical appliances now at our command, hut 
the most potent influence must be ascribed to the use of natural gas^ 

Perhaps the best description of the revolution that has been effected 
by the use of natui-al gas is that by Mr. Andrew Carnegie in 1885: — 

" In the manufacture of iron, and especially that of steel, the quality 
is also improved by the pure new fuel. In our steel-rail mills we have 
not used a pound of coal for more than a year, nor in our iron mills for 
nearly the same period. The change is a startling one. Where we 
had formerly ninety firemen at work in on^ boiler-house^ and were using 
four hundred tons of coal per day^ a visitor now walks along the long 
row of boilers, and sees but one man in attendance. The house being 
whitewashed, not a sign of dirty fuel of former days is to be seen, 
nor do the stacks emit smoke. In the Union iron mills our puddlers 
have whitewashed the coal bunkers belonging to their furnaces. Most 
of the principal iron and glass establishments in the city are to-day 
either using the gas fuel or are making preparations to do so. The 
cost of coal is not only saved, but the great cost of firing and handling 
it, while the repairs to boilers and grate bars are much less." 

-^ * SctentiJU American, March 20, 1886. 
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FOR DOMESTIC USES. 

**'The c(3stijf Tiatiii'fil gus for fuel in ihvel ling-houses la less than coali 
even in Pittsburg, whei'e the i)rice of tlie fonner Ls higher, and the 
latter lower than elsewhei'e* The companies tlo not meiuiure the gas^ 
but make si coutmct to supply a fnuiily for a given sum a year* In 
Pittsburg the ]>rice for fitatiHt/ aiul lit/hthii/ every apartment in a tw-elve* 
room house, anil of furnishing all the fuel for vookui</ pnrpojten^ is fi-om 
i|70 to $90 per annum. But an the f/a4i is not a favorite illuminant, the 
price paid is much less* 

'' Economy \a not the only thing that makes the use of natunil gas 
popular. It ia an ideal fuel ; it requires no especial and expensive 
fixtui'es for itn use. If a house wa.s ju'eviousl}'' heated by a furnace or 
by steam, the natund gas adapts itself to the existing apparatus • If 
stoves or open Hrephvces were used, they do their work better with 
natural gas than ^vith wood or eoal. 

*^ The gas Lh conducted to the heating apparatus through pipes similar 
to those used for artificial illuminating ga^*. The fire l>ox of the furnace 
or stove may be partially filled with jjebbles about the size of the coal 
formerly used, in order to distribute the flame- In the bottom, just 
below where the gas i» discharged in the fire box, the pipe paisses 
through an iron sphere about as large as a manV fist and pierced mth a 
nmnljer of holes each half an inch in diameter. As the gas passes 
thrfjugh this, it is mixed with air, the proportion being regulated by tlie 
nujuber of holci* left o{)en* The amount necessarj^ to insure perfect 
combustion and the greatest degree of heat m generally one-fifth ^as and 
four-fiftkif air. 

" The fire in an ojKjn grate or cooking stove in aiTanged in the same 
way. If wood wiw formerly used on the heiu-th in the fireplace, artifi- 
cial sticks made of clay or porcelain are suljstitnted, the aerated gas is 
conducted l)eneath them and there light<;d. Tlie flames surround and 
bla7.e aixive the artificial sticks with a beautiful effect, and send forth a 
genial heat in the room. 

" The natund gas, when properly mixed with air, bums absolutely 
without smoke, dust, or odor. 

" Beautifully decorated tiles used in the uonatruction of a fireplace 
are not stained or soiled after a whole year, although they may have 
been in constant conttiet with the flames of tlie burning gas for mnnthH. 
The most delicate furniture and fabrics are not injured by being kept m 
a room heated by it. In fact, they retain their original freshness 
lieauty as though they had been carefully protectej^ta^OoyeriiigJ 

♦Z- L. Wliitc in American Mfffjfizlrw^ { 
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OIL AND GAS FOR FUEL UNDER BOILERS. 

We have reports from one or two parties who have tried oil for fuel 
under lK)ilers in the phvce of coal. At Dansvrlle Sanatorium, New 
York, oil was tried in tlie place of coal. 

The lx)iler8 were the horizontal tubular pattern, about forty horse- 
power. The oil was fed to tlie buniers (of the steam jet pattern) by 
gravity, in the usual way. No effort was made to secm^e a combustion 
chamber by covering the grate or using fire brick. 

The result was unsatisfactory with oil at less than 3 cents per gallon ; 
the loss or deficiency was $40 to $50 per month, the duty or work being 
the same, the price of coal being $2.75 per ton of two thousand pounds. 

Now, I do not regard this as the natural or necessary result, but only 
as proving that the better fuel was the worse managed. Indeed, the 
finer the fuel, the better must it be treated. 

In burning coal, the best results are obtained using a fine fuel and a 
mechanical stoker ; the fuel and air to combine with it are regularly 
and automatically supplied, no fire doors are opened, and the tempera- 
tures of the fire chamber are always high. Thus efficiency and 
economy are secured. See section on boilers. 

A reversal of tliis last unfavorable experiment with oil fuel was ob- 
tained at the Miclngan Carl)on Works, Detroit. See pages 159 and 160. 

One other condition should be referred to ; that is, the effect of the 
removal of the radiant heat, wliich is available in domestic and other 
coal-buraing boilers. The effect of a bed of solid live coal on the 
heating surfaces is very great, amounting, I think, to one third the 
total work done by the fuel. In heating surfaces this effect is seen to be 
(table No. 9 and diagi-am No. 16) nearly one half. Now, in substi- 
tuting gas, this potent factor is almost lost, unless the gas is introduced 
below a bed of refractory materials, that may serve as a mixing cham- 
ber, and that may, becoming highly heated, give out heat by radiation^ 
as did the solid fuel. Practice has demonstrated that this is the 
essential and successful condition of the application of gas fuel to 
boilers and heating surfaces of every description. 

Not to be ambiguous in any matter of importance, we must say that, 
unless the new fuel, either oil or gas, is used with more knowledge, 
care, and consideration than that bestowed on solid fuel, no saving of 
money or time will follow, while an element of danger is always 
present. 

Clearly no reckless introduction of natural or other gas fires should be 
encouraged in the dwelling, the schoolhouse, or the church ; and all 
appliances for the control, regulation, and safety of liquid and gaseous 
fuel should be required by law, and passed upon by a board of com- 
petent engineers, as is now done with other dangerous explosive agents. 
I 1^ Steam should be brought under the same official scrutiny. ^ j 
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REQULATOR. 



As iiatiiml pis U ho litrgely [*ompo?5L^fI of iimmli gius it fnriiw, when 
mixed Willi air, mx t^xpluHivt^ eniii[inuiitl similar to tlio dfiully (ire damp 
of the coal TuiueH, Cnii«ff|iiL*ntl>% fim luiujt lie ai>plieJ to the uritinti 
l>t*ftire tlie gJiH i« turned oiu or eke thei"e will Ix.* an explotiiniu 'IV> 
avfiid i^nrh a possilality, a Kiiiall jt^t of gii8 i.s often aHowMl to Imrn all 
thi! tiiue, in order t<* light the large luirner as snoji tis giu^ la turned ojl 

If reHtrlftion to simply guard a lire i-isk h neces^sury with H eompara- 
lively safe fiud, m^ erude or refined oil, evidenlly some MafegmirdH 
s[uml<l \h' tlinnvn around a fnel a,H eonihustihle and explosive tw gun- 
powder, and all ]K>ssihle pi^ecautions ag;iinst acetdeiitis by the use of 
iiuiujuatir de\ iees slioidd l>e insistetl upon and eai-efully and iiitelli- 
g^^^iitly applied* 

Sueh devices liave lieen in- 
vented, and largely intmduceel 
in and around Pitt^hurg. They 
Coni^iiBt of the safety valve, the 
reducing tires.snre valve, hjhI 
the luUnniatie shut-uff, to eover 
the danger of a return of the 
gHs, ai», after it haa lieen shut 
off fur aijy reason* thw valiw 
f'tttJtftt, and unit not af/aiu ojfi'ti 
until the rnffht^r h rmiJif for 
ifa9 and hent. 



pagcii j«o, nu, 
fvv other gas ap* 





FlCtJRKS 4 km b. 




NATURAL GA 
AuTotATic Stop 




Atwood Jk McCiiiIrf?y» Mniiiifsioturen*, riM^'nu^* 1*^ 




184 



(V 



Heat: Its Science, Production, and Application. 



BURNING CARBONIC OXIDE QAS AT FRANKLIN, N. Y. 

In the year 1875 and 1876 the writer was called to the above town 
(near Utica) to examme the furnaces, boilers, and plant employed in 
the manufacture of pig iron, there being a bed of natural ores at 
moderate depth, which, mixed with Lake Superior ores, produced a soft 
and rather superior iron. 

The Directors at the time were Mr. Delos DeWoolf, of Oswego, Mr. 
Armstrong, of Rome, with C. H. Smythe, General Superintendent. 

The matter to be discussed was boilers^ their method of producing 
their power, and heating the air for the blast. The question of fuel 
was an important one. Wood and coal were dear, coming from long 
distances, and the labor of handling them was excessive. 

They had, therefore, with many others in the pig-iron business, begun 
to utilize the waste gases escaping from the cupola, where the closed 
method renders the recovery of these gases possible. 

This is readily understood by furnace men ; but it may be explained 
to consist of a '*Bell" cover or hood, that, after chai*ging the coal and 
iron ore, was lowered over the top of the stack, thus retaining the gases 
in the cupola under pressure, and enabling the recovery and control of 
these gases for use under the boiler and ovens, as before stated. 

It was, however, more or less a dangerous operation, and sometimes 
attended with the most disastrous results, since a gas of this nature and 
at the temperature of say 800° to 1,000°, when mixed with ceitain 
quantities of air, becomes an explosive as powerful as gunpowder or 
gun cotton. 

To return to the conditions under which the gas was taken to the 
battery of boilers for the genei-ation of steam. The gas was brought 
down from the top of the cupolas in a pipe three feet in diameter, about 
one thousand square inches area of section, and, at the velocity due to 
the pressure and the draught of a high chimney, supplied fuel enough, 
when mixed with air, to yield one thousand horse-power. 

The boiler then in use was the older plain cylinder boiler, without 
tubes or flues, the shells being very long (some fifty feet), the products 
of combustion then piussiug to the chimney. 

The wat^r of this section contained much organic impurity, to which 
were added the oils carried over in the exhaust steam of the blowing 
engine, forming a compound on the lower shells of the cylinder boiler 
that caused them to blister and bag down under the excessive heat of 
the gas fire, carrying a flame the whole length. Thus stoppages to clean 
out the sediment were frequent, with the danger of explosion always 
present, and only averted by constant care and watchfulness on the 
part of the engineers and firemen. 
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The iimnediate re**iilt of tliii* visit and reiioit \iv^ a contract to 
supply the works with two hundred hor?)e-[>ovver of tlie writer's 
sectional cast-iron boilei-s.* These were the wliole aectioa pattern No* 3 
for power, and were erected in single line one hundred aectionj*, making 
a Ijoiler tifty feet long. The steam and water drums were flanged and 
bolted together, suljstantiall}^ ai* those in sectional elevation, sliown 
herewitli. This was the patent of 1H71, and referred to in the rej^ort 
of E, H< lie wins, (t. B. N. Tower, and othei's. See table No. 7, p. 2t>5. 

The steam pres.sure carried was sixty pounds, and the work was the 
bai^dest possible^ being continuous day and night, under the intense gaa 
flame noted. The use of these cast-iron boiler sections* was continued 
al>out a year, when the Directoi-s ordered a second series, saying tliat 
^"^ihe steam pressure had been more aynstant^ and^ notwiihiftandimj som^ 
break at/es due to low water ^ that the repairs had been far less numerous and 
eipensive than for the same tune using the wrought-iron boiler s,^^ 

It may be remarked that the effect of low water^ with undue 
expansion in these boiler sections, is to cause a cracky instead of a 
rupture^ and that sections so cracked were continued in use until a 
convenient time for their removal. This has been the case in low- 
pressure heating ; a cracked section has also closed up, and was not 
removed until t]ie heat could be dispensed with- 

The application of the gxis to the heating surfaces of the sectional 
boiler at Fninklin was not en masse as formerly, but taken into large 
burners or mixers, on the ^* Argand " principle. The pipes foraiing the 
outside shells were twelve inches in diameter and nine feet long, and 
had an opening every six inches; these were four inches iu diameter, 
through which the three-inch air nozzle entered, thus leaving a one-half 
inch annular space for the gas, and the three-inch pipe in the centre for 
the air, the relative areas thus being four square inches gtis to seven 
air. This is a greater proportion nf air than is called for in the Table 
of Combustibles, No. 3, page 36 (which in pnvctiee is found too little), 
but it is much less tljan would lie required for any of the other gases. 
Combustion in our case was found t-o be very perfect, the air, as seen, 
being preheated to a high temperature by the surrounding gas (itself at 
some 700'^ or 800" Fahn); but little smoke wa^i made, a clear, bright 
flame resulting, and the tenipci-ature w^as high, even after the pniduets 
of .combustion had passed the boiler, and entered the chimney. 

Note. — A section at the dweUlnpr of W. TL Walker, Esq.^ Di^laware Avtnjuft, 

BuEThIo, N. V.^ waa ci'ju^ked in tlie winter fmm li.ivinjf the water cut afT in the -st; 
without notice; tho ci^ck showed plainly^ leaked a little for a f ew ditys, and 
clo^d up and was used through the winter. 
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CONDITIONS FOE COMPLETE COMBUSTIOK OF QAB AJfD OYU 

If great difticultj lia» lieen fount! in burning the solid fueU, with 
which engineei's and firemen have iK^eu faniiliar for a huiidj-ed yeare, 
what may be said or exiK^cte*! of the iii^e and application of fueU wMch 
liave l)een avaihible but a few years, and ill wliich the combus^tiljl€i 
are ill entirely different combinations? While our common illinninat- 
ing gas has offered serious obstacles to any extended application far 
heating {)urpose.H, the Bunsen burner and later conBtmetions on x\n 
aame principle sliowed eoiiclusi%'ely that air or tlie oxygen that it 
carried was tlie controlling agency and key to all economy in its use 
for pur{X)8e8 of heat* 

This has also been true of its use for light, and the finest lamjis now 
both preheat the f/a%es and the air^ and combine them prior t<j combus- 
tion in the burner. 

Perhaps no other condition is so essential its a high t«mpenitur« 
to the perfect ccmilmstion of all fuels. Certainly this is true of tbe 
petroleum and natural gases on the large scale. As for heating and 
puddling iron, not j*o much difficulty is found, owing to the niagnitude 
of the operations and the amount of fuel in combustion ; but, in smaller 
ofierations, as in fii^s under domestic bfrilers and heating apparatus, 
much difficulty is experienced and many failures recoiled. Indeed, 
some of the worst ever known occurred in this line, first, from a total 
ignorance of tlie ingredients to be treated ; atid second, from adverse 
conditions in tlie fire chambt*r itself. The adverse condition we refer 
to in domestic heaters is the large amount of cooling and condensing 
surface surrounding the Hre chaml>er- The side, top^ and bottom of 
such heaters am gene nil ly the wall and tul>es filled with water, fmin 
which steam is miscrl, or tlie water itself used as the heating medium* 
Tlie hist, the water<'ircnhiting lioiler, presents the most difficult con- 
ditions for tlu* novice to understan^l, siju-e the essential to comVmstinn, 
hi*/h temperature^ is more lacking hem than in steam boilei's or, indeed* 
in any other furnace. 

Tlie points which o]>eratom have missed ai-e* first, a proper mix- 
ture of the giis to be burneil with tlie required air ; and, sec^tmd, 
a mixture of them in tlie furnace prior to combustion, and pro- 
tected meanM'hile from the effects of the Hurnmnding Ijody t^f water; 
third, a failure to shut off all air from the \\tq chamljer other tlian that 
provided for at the burner. Even if successful in the other essentials^, 
if air be admitted uncombined with the gas, tlie tempenitnre would be 
low at first, and lower as the pixiducLs of the im|>erfect mixture flowed 
in among the tnlK^s, and even contlensation would ensue, defeating tbe 
whole opei'ati<m; while the product of this incomplete combustion—^ 
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uall it tlistil hit Lull, nttlier — iii desitruetive to life aiul evL^i tlii^ lirick wilH 
of the fiiriuuie and cliimiieys witli which tlie hetiter wiva conneeti^d. An 
uprratny at TitUHville, writiti^ of thi^i iiialter under date of Jan* 11, 
1 8 8 ti ( iS V f H It it r[f Kihj in vr r ) , s^ \y w : "' T he dooi^ al>o i; 1 1 li e f ii r n at e si \ ould 
all l«* t'haed tiijht. If they will not do thi»* they should be refitted 
and jnade tf), a8 no air shrmld enter excejit that dniwn in with the gaii 
tln'Oui(h t lie injector/' After directing that the g;vs and air shnnhl be 
ileUveretl some three or four inches above tlie grates, he ^wyi^i "Then 
fill the (ire [mt with broken fiit; brick alxnit as it tjhould l>e filled with 
cfMil (that is, iiboiit seven or eight inches deep) ; put in a lighted taper 
or {oreh, and turn on the g^as.'* 

The one hiindi^d or more pountLi of fire brick above^ where the gas 
IH deliverefl, m to protect it from moling mfluencei until the process of 

admixtHrr tvul fomhu^tthn is complete. 

In applying tlie giis furnace to inlcrnally fired Vjoilei-s, it was foreseen 
by M- Fiehtet, aftei' Ills experience with the oixlinary French boiler, 
that special precautions must be takea to provdde agaiuiit the premature 
cooling of the gases ami the extinction of the flame. In the arrange- 
ment whieli he employed the tenij>eniture of combustion is maintained 
by a fire-brick lining, ho that the combustion is completed befoi-e the 
flame can touch the sides of the surface of the metal. It is sometimes 
found cjf advantage to niise a perforated tire-brick wall or diaiihragm at 
the inner end of the fire-brick chamber, substituting, at the same time, 
two long vertical sheets of air through the door for the multi-tubnhir 
jetit- Tlie produt^ts of condmstion, after cii^ulating around the boiler, 
jHiss througli tiie chinniey. 

Many varieties of gas furnace have been employed for heating steam 
boilei^s, and many have been forgotten, 

Jb Firbt4*t, w^hen he applied giis furnaces to staam boilers, under 
armngenients similar to tbose whicli had given so satisfactory results 
when emphn'ed fur the manufacture of coal gas, naturally expected 
similar success. But he was disap[H>inteib 

By the raijid cooling of the flame in contact with the surface of the 
boilem, he wiis led to the production of gejjeratoi-s very differently 
armnged, for the service of steam boilers. When he used dry com* 
bustibles, II nd admitted a quantity of air very little in excess of tlie 
quantity rctjuircd for chemical combustion, the flame was extinguished 
wben it came in contact with the lK)Uer; and the products of combustion 
piYJved, on l>eing analyzetl, to consist of a mixture of frrr nxyofu and 
carl>onic oxide with niti-ogen and carlxmic acid. 
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Natural gii8 wiks intHHlurt^d into linffiilo the liu*t year that the wiiter 
was there perniaiicnlly, iHHii ami IHHT, uad he watched witli intert^t 
Hucli Hpj>Ucntions as came within his* reaeh, pniu ii>HHy to dwelling- 
hooses ami their heating appanitus ami t(i Monie Ixiih-rs fur power 
pmi>o«ei*. 

In the first, where the g>is was cmmected with tlie h Hiking Mtove, range, 
aad gmte, anfl using a eomnion atuinsiihvrio hiirnen but little trouble 
was ©xjKirie!iee(l and much comfort miu* derived. 

In the second, the applioation uf ga^* to heating aptMratu^^ ther^ 
aeems much greater diftieulty, little or no economy, sometimes a waste 
and a [x^itive Iohh, and at othei-s disaster and ex [jI onion. 

Indeed, how couUl it l>e otherwise ? Into whose hands has the 
intn;Kluction of natuml gan fallen ? GeiieniUy into those of the »team 
fitters — the men wJio cut and hang up the pijie^s that eniivey tlie steam 
or wat-er around the huildiiig. 

Is there any material connection 1 jet we en these men, bmught up to 
the enideat kindi^ of meelianieal lal>or, and the lieantiful seience of 
chemistr)' ? About as much as tliei^e is Instween a coal heaver and the 
electric light. They could as soon make a proper [nstallation in 
one case as the other; ami yeU lieeause these men can cut off and screw 
together the imn pipes in whicli the gits is brought t^ the building, 
they assume and are credited with a knowledge they have hatl no niean^ 
of acquiring. 

Nowhere is this seen so clearly as in their crude ap]ili cation of 
natural gas to steam and water Ixulers for house heating. 

Generally these are of the internal furnace variety, where the fire 
chamber is entLi'ely surrounded with water, and where, frOm tlie veiy 
nature of the work to l>e done, the temperatures of all the alisorhing 
surfaces are low. To thrust an ordinary burner through the fire door 
and turn on the gas, is to invite failure from the start, a» a cerfam an^i 
determined prior mirture of tha air and f/a^ tind hit/h temperature art 
emifential to complete eomhu^tion^ 

This prior mixture, high temj>erature, and j)erfect combination must 
be aecui-ed before the gases are turned knise in and among the conv 
paratively colder surfaces of the boiler ; otherwise, the half mixed and 
burned gases are drawn in among the tubes, are rtmdenaed^ and in that 
imjierfeet state pass away in ttie chimney or fall to regions of still 
lower tempera ture» emitting the most noxious odors and even endanger- 
ing the safety of the api>firatus, the dwelling, and it^ inmates. 

Of the several different attempts to burn ami utilize natural gas in 
the iKiilei^s of the writer, all were failures ; not iis the piirties openiting 
suppose, because these special boilei-s had any particular objection tx) 
being heated with gas instead of coal, but because the main and essential 
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conditions of success were neglected. The better the boiler as a rapid 
absorber of heat, the harder would be the task of securing in and 
around the burner the proper mixture and high temperature absolutely 
required. 

This is why that, under, the regular tubular boiler having a brick 
furnace and no near absorbing water surfaces, and requiring no 
throttling of the gas, little trouble lias been experienced ; and, barring 
the economy missed, there should be no real difficulty in such cases. 

The greatest success in burning natural gas seems to have been 
reached at McKeespoi-t, Pa. (described on page 179), where the gas 
itself is preheated to nearly 3,000° prior to the mixture with the air, 
and under this simple change from cold gas and cold air an economy of 
nearly 88 i)er cent was secured, with a corresponding greater rapidity 
of work accomplished. 

This example furnishes the real key to more practical work with 
natural gas, or, indeed, with any other gas fire ; it also points directly to 
the reason of the constant failures attending all attempts at burning 
natuml gas in heaters or boilers, having a large condensing or cooling 
surface immediately around the i>oint where combustion is sought to 
be effected. 

The same conditions of high tempemture and proper mixture of the 
air are required when oil is the fuel, and the writer believes that the 
best results have mrely been reached with this fuel. 

Thus we see that the theoretical heat value of hard coal is (page 144) 
13,525 British thermal units ; of soft coal, 15,465, and of crude oil 
21,192 units |)er pound of fuel, and the money value of these three 
kinds of fuel is substantially e(iual, with coal at 't4.50 yyer ton and crude oil 
at 3 cents \)er gallon. We also see (page 145) that the steam-producing 
power of jMitroleum is 22.08 pounds of water, evaporated from and at 
212° per i)Ound of oil; but by tlie actual tests made (table No. 5j4, 
page 158) only 15.54 i>ounds were evapomted, or 75 per cent of that 
theoretically jmssible ; while coal under the same conditions utilizes 
67 per cent of its theoretical evaporative power. 

This, while doubtless a better result than is ordinarily obtained with 
any of the steam jet or spray burners, is still below the best possible 
results, and can df)ubtless be ti-aeed to some or all of the adverse condi- 
tions noted in burning natural gas. 

The writer hius seen many times the arrangements noted on page 
158, and ol)served that there was little or no differences in the treat- 
ment of the two fuels ; that is, the air was allowed to enter the ash 
pit in the case of oil as when using coal, with the intention, of course, of 
aiding combustion ; the result, I am confident, was the cooling of the 
gases at the critical moment and a loss of efficiency. 
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PLATE No. 5. 

•REGULATOR AND BY-PASS FOR NATURAL GAS. 
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*Atwood & McCaffrey, Manufaoturen, Pittsburg, Pa. 
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APPLIANCES FOR BURNING GAS. 

An arrangement for burning the gas under the boilers is practiced by 
the Electric Light Company at their central station in Pittsburg, Pa. 
The gas passes into a four-inch drum extending in front of the boilers, 
and thence by a one and a half inch pipe into T burners in the front 
of the fire box. These are simply perfoi-ated pipe^ 2" in diameter. 

The air for combustion is first heated before mixing with the gas. 
Sheet-iron is placed upon the grate bars to within about four inches of 
the rear, and two-inch tiles are placed between this and the boiler, 
leaving sufficient space in front for the flame to play over them. The 
air enters beneath, and, passing along the under side of the tiles, is 
heated before coming in contact with the gas. It is very important at 
such an establishment to be able to burn coal at very short notice, should 
any accident happen to the gas supply. As at present arranged, the 
entire change can be made and a coal fire started within eight minutes. 
The gas is burned under the boilers at a pressure of from three fourths to 
one pound. As the pressure in the mains is considerably in excess of 
this, it must be reduced by means of an automatic regulator. In dwell- 
ing-houses the gas is seldom burned under more than two to six ounces. 
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PLATE No. e._ 

Arrangement for Burning Natural Gas under Boilers. 

Tht^ air to nimbme with tbo gas eiitcTs tLrough Uie aahpit A and brit^ge D^ and throiigi) 
the teti 0-inch clay pipes, me^tinf; tlic gsia .it the burner F< The ashpit it mad^ tight <mt 
the bain, ao that no air entrr9 uncofubin^ with the gas. 

(See alao figure Nrk, t, with burnera for ^as aiiil ihI fueL) 
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RECAPITULATION. 

Natural gas has been in use from remote periods for industrial purposes. 
Its occurrence was observed in America by the earliest settlers, in 
burning springs — (^aUo in the burning bush by Mo%e%.) 
It has been used for lighting in the United States since 1821. 
The date of the first extended application of natural gas as a fuel for 
heating and a source of power was about 1884. 

Since that time gas has been discovered in commercial quantities over 
a large region in Pennsylvania, New York, Virginia, Indiana, Illinois, 
and Ohio, in general the same as that in which petroleum oil is found. 

The constituents of natural gas are chiefly marsh gas or light car- 
buretted hydrogen and in some localities hydrogen. 

Its calorific value is not exceeded by any other substance available for 
fuel, liquid, gaseous, or solid. 

One pound of natural gas (26.2 cubic feet) of average composition 
has total heating capacity of twenty-two thousand thermal units, or is 
the equivalent of one and three-quarter pounds of coal. 

In the best practice one pound of the gas, or about twenty-six cubic 
feet, is equivalent to two pounds of good coal. 

The inventions and appliances for distribut- 
ing and burning natural gas, and the experience 
of its advantages as a fuel over solid substances, 
are leading the way to the general use of gas- 
eous fuel for heating purposes and for power. 

The burner shown is that often employed in 
the gas regions and elsewhere when using natu- 
ral gas under boilers and furnaces, a diaphragm 
being used (not shown) to control the pressure 
... ^rA and the amount of gas burned. There is also a 

SJ II g ^ valve in the 3-4-inch gas pipe not shown. 

The air enters at the end of the burner or 

mixer, and makes in reality a large "argand" 

burner. The amount of air entering should be 

controlled at the perforated cap (see arrows). 

Bttt all other air should be 
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over, and fire brick or clink- 
er should then be placed 
on the grate through which 
the gas and air should 



(H 



jd 



<H 



Digitized by 



L.oogle 



r 



■^ 



m 



194 



Heat: Its Science, Production, and Application. 



::;;:^ 



^^ 





DIAGRAM No. 


13. 




PIPE LINES FROM >4ATURALGAS REGIONS TO PITTSBURGH, P 
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For description, see 
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From the most reliable data obtainable, it appears that the total amount of pipe 
thu8 far laid around Pittsburgh is about 600 miles, of which the Philadelphia Com- 
pany owns 340 miles, the remainder being distributed among the others. The pipes 
are from 6 to 24 inches in diameter. Within the city the Philadelphia Company has 
about 80 miles of mains laid, and has about 800 men constantly employed. The pipes 
from the wells range from 10 to 16 inches, wrought iron, while those within the city 
are 20 to 24-inch mains, with a system of radiating 6, 8, 10, and 12-inch service pli>e8. 
The present supply of the city is from 50 wells, of which the Philadelphia Company 
owns 34; but there is a very large number drilled near the gas producing sand, 
ready to be brought in whenever there is any occasion for their use. 

** It is only fifteen years ago," says the editor of Stoves and Hardware, publislied 
at St. Louis, ** that natural gas was first used as a fuel; yet to-day there is required to 
pipe it 7,350 miles of mains. In Pittsburgh alone 500 miles supply 42,698 private 
houses, 40 iron mills, 37 glass works, 83 foundries and machine shops, and 
422 miscellaneous manufacturing establishments. 

''An idea of its importance as fuel can be obtained when the value of 7,000,000 toriM 
of coal is estimated. It i8 asserted that this amount of coal is annually displaced by 
natural gas ; say $20,000,000, not estimating the oil now used asfueU 
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C^l N afasti^act of a paper in the Journal of the Society of Chemical 
^r Industry states : "There are three kinds of gas made for heating 
(y \ purposes ; viz. illuminating^ generator^ and water gas. 

Illuminating gas is obtained by distilling coal and decomposing 
the volatile products into combustible gases. Generator gas is produced 
from gas generators fed with coke, by burning the solid carbon to 
gaseous carbonic oxide. Water gas is made by the combustion of red- 
hot coal in steam. In the manufacture of illuminating and water gas 
heat is required and consequently absorbed. Generator gas, on the other 
hand, is formed with evolution of heat, and the amount of lieat given 
off in the •process is not only sufficient to maintain its action, but part 
escapes into the gases evolved. See table No. 3, page 36. 

"Illuminating gas possesses advantages where it is a question of 
bringing gas a great distance from a central gas works, for it is evident 
that a system of pipes of given dimensions can convey about twice as 
much heating power with illuminating as with water gas. Per contra^ 
the constituents which impart the illuminating power are expensive, 
while entirely unnecessary for fuel purposes. And yet, high priced as it 
is, practical experience in its use proves that in some departments, at 
least, it is certainly cheaper than coal, besides its collateral advantages ; 
and it is at the present time employed to a limited extent by those who 
have become familiar with the facts. Exceedingly interesting tests 
have been made by the London engineers with the city gas, developing 
some economic features quite surprising ; and at the meeting of the 
American Gaslight Association, in 1887, a pai)er was presented by one 
of the members showing that careful experiment had so demonstrated 
the saving, even at $3 per thousand feet, that nine tenths of his cus- 
tomers were using it in preference to wood or coal for kitchen and laundry 
purposes." 
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* Difficulties Attending the Use of a Crude Form of Fuel. To 
illustrate, let us take the most familiar methods, such as are employed 
in domestic cooking and heating. 

Ignoring the mechanical imperfections of stoves and furnaces, lest an 
examination of them should extend tliis article unduly, we will examine 
the more evident sources of loss : — 

The expenditure of fuel in generating heat at times when it is not 
utilized. Every housekeeper must have been struck with the fact that 
a large amount of wood and coal is burned before the range is ready to 
cook, and that a probably larger amount still is used after the cooking 
is done. Annoying as this may be, it is cheaper to keep the fire up 
between meals, even in summer time when it is undesirable, than to let 
it go out and rekindle three times. 

The excessive quantity employed while in use. Often to accomplish 
some trifling result, like the boiling of a tea-kettle, the whole area of 
fire space is unnecessarily kindled, although not one tenth of it is 
required. Twenty pounds of good anthracite coal contains heat enough 
to raise two hundred and seventy thousand pounds of water 1° in 
temperature, or seventeen hundred and seventy-six pounds from 
60° Fahr. to the boiling point, 212° Fahr., and yet it is to be feared that 
this power is frequently employed in cooking a pot of coffee. 

If we have expended for our morning draught heat enough, if 
perfectly applied, to raise three fourths of a ton of the same liquid from 
atmospheric temperature to the boiling point, it may be considered a 
somewhat luxurious beverage. 

The items of labor and inconvenience incident to the use of coal are 
too apparent to need any enlargement. 

These ai*e the principal arguments against the general use of fuel in 
its natural condition, and they appear formidable enough to justify the 
assertion that not over 10 per cent of the heating power of such fuel is 
utilized in the best of our coal stoves and ranges. 

Let it be remembered that it is, in all cases, largely gas that we bum, 
and from which we derive heat ; so that the question is, whether each 
family can make a limited quantity of the gas as economically in defective 
ranges and stoves, as the same or a much better article can be manu- 
factured on a much larger scale at some great establishment, whence it 
could be distributed to customers. There can be no doubt that the 
advantage possessed by all concentrated industries exists in this one, 
at least to as great a degree as in any other department of manufacture. 
We might as reasonably expect to grind our own flour, or weave our 
own fabrics economically, as to successfully compete with gas works 
properly constructed and skillfully managed. 

• Barr: ♦' The Combustion of Coal." 
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To those who have given the subject any thought, therefore, the 
designations " wasteful, troublesome, and dirty " are not too strong in 
characterizing the use of coal in the family. 

Students and inventors have long since appreciated the lamentable 
deficiencies of the pi-esent method of supplying heat for tfie household, 
and have suggested several plans for reform. These plans, some of 
which have had measurable success in practice, all proceed upon the 
principle of supplying the heat from some central source of supply. 
The methods proposed involve the use of eitlier steam, superheated 
water, or fuel gas. In all these plans the lieating agent is supposed to 
be genemted at some centrally located stiition, from which it is to be 
distributed by suitably protected pipes through the streets and into the 
houses where it is to be consumed. 

Unquestionably the plan of the future consists in the production of 
gaseous fuel at central stations, and its distribution to and through our 
houses. 

The possibilities of fuel gas made a profound impression upon observ- 
ing and practical men some yeai"s ago, when it was demonstrated that 
water gas produced by the mutual interaction of steam and carbon at 
high temperatures could be made in immense volumes at a very trifling 
cost. The resulting gaseous product of this reaction, consisting sub- 
stantially of hydrogen and carbonic oxide, furnishes a fuel as nearly 
j>erfect as could be imagined. 

Both ingredients are highly combustible, yielding an intense heating 
effect when ignited, and the products of combustion are gaseous. 

By the adoption of gas in our houses for cooking and warming, the 
existing contrivances can be utilized with but little alteration, and as 
much or as little heat as may be required can be turned on at pleasure. 
When not needed, the fire may be extinguished by the simple turning 
of a stop cock. It gives complete exemption from the trouble, dirt, 
and wastefulness of coal. Our fires will not need to be kept up over 
night summer and winter, as they now are because of the trouble of 
making them up fresh in the morning. The gas fire can be made in an 
instant, and extinguished as quickly when it has served its pui'pose, and 
its heating effect can be controlled to a nicety for hours at a time. By 
the admission to the product at stations of a trifling percentage of 
naphtha or some one of the petroleum products, to give a sensible and 
penetrating odor like coal gas, so that its leakage may be at once 
detected by tlie smell, it will be as safe and completely under control. 

It is a subject of surprise to us, in view of the perfect adaptability of 
fuel gas to domestic purposes, that it has not already found its way into 
general use. 
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Table of Comparison between cost of 
cooking by coal and Gas. 

TABLE No. 6. 
*BaOOBD OP PBBBLBS8 OOAL BAMOB. NO. 8. 



I 



Abticlb. 


How Cooked. 


Bluefish .... 


Baked. 


Rib of Beef . . . 


Roasted. 


Chicken .... 


Roasted. 


Beef Steak . . . 


Broiled. 


Lamb Chops. . . 


Broiled. 


Sweet Potatoes. . 


Steamed. 


White Potatoes. . 


Steamed. 


Cauliflower . . . 


Boiled. 


Tomatoes. . . . 


Stewed. 


Bread 


Baked. 


Sago Padding . . 


Baked. 


Lemon Pie . . . 


Baked. 



Weiqht. 


LOM 








per 


Time. 






Before Cooking. 


After Cooking. 


cent. 




3 lbs. 


2 lbs. 1 oz. 


32 


81m. 


9 lbs. 7 OS. 


6 lbs. 8 oz. 


32 


1 h. 87 m. 


3 lbs. 


2 lbs. 2 oz. 


80 


Ih. 6 m. 


lib. 2 OS. 


IS}^ oz. 


25 


11m. 


1 lb. 1 OS. 


11 oz. 


85 


12 m. 


8 lbs. 5 OS. 








3 lbs. 8 OS. 








3 lbs. 12 oz. 








4 lbs. 










6 lbs. 2 OB. 




40 m. 




8 lbs. 5 OZ. 




27 m. 




2 lbs. 12 oz. 




80 m. 



Total time from lighting of fire until everything was ready to serve, 2 hours and 
40 minutes. Of this time, 80 minutes were required to heat the oven, leaving 2 hours 
and 10 minutes actual cooking time. Weight of coal, including lighting of fire, 
44 lbs. At the end of the time, the fire was ready for more coal. Cost of oosl, 
44 lbs., at $5.50 per ton, 10.05 cents. Kindling, 1 cent Total, 11.05 cents. 



BBOOBD OF NO. 


7. "SUN DIAL" OA8 8TOVB. 








Wbiqbt. 


Loss 





ABTXCLK. 


How Cooked. 






per 
oent. 


Tim* 


Before Cooking. 


After Cooking. 




Bluefish .... 


Baked. 


3 lbs. 


2 lbs. 6 oz. 


20 


85 m. 


Rib of Beef . . . 


Roasted. 


9 lbs. 4 oz. 


7 lbs. 11 oz. 


17 


1 h. 25 m. 


Chicken .... 


Roasted. 


3 lbs. 1 oz. 


2 lbs. 10 oz. 


14 


Ih. 


Beef Steak . . . 


Broiled. 


1 lb. 2 oz. 


15 oz. 


16K 


8 m. 


Lamb Chops. . . 


Broiled. 


1 lb. 


18)ioz. 


15 


10 m. 


Sweet Potatoes . . 


Steamed. 


8 lbs. 5 oz. 








White Potatoes. . 


Steamed. 


3 lbs. 8 oz. 








Cauliflower . . . 


Stewed. 


4 lbs. 








Tomatoes. . . . 


Boiled. 


8 lbs. 12 oz. 






1 
1 


Bread 


Baked. 




6 lbs. 7 oz. 




37 m. 1 


Sago Pudding . . 


Baked. 




3 lbs. 8 oz. 




28 m. 1 


Lemon Pie . . . 


Baked. 




2 lbs. 14 oz. 




22 m. 



Total time from lighting of gas until everything was ready to serve, 1 hour and 
50 minutes. Consumption of gas by test meter, 38 feet At $2.15 per thousand 
feet, cost 8.17 cents. 

Cost of Coal 11.05 cents. 

'« Gas 8.17 " 

Saving over Coal 8.78 eents^SSpereeat. 

•Goodwin Gas Store and Meter Co., 1012 FUbert St., Philadelphia, Pa. 
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TABLE No. GL 

•price of gas and the electric light in the principal 

CITIES OP the country^ 

In view of the prefieiit giin agitation, the following tahle will be of 
interest. It gives the price of gaa in the principal cities of the United 
States, The figures represent the price i>er thon^and feet charged to 
private consumera during the summer of 1884* Many comjmnies have 
adopted a sliding scale, by which large companies receive certain reduc- 
tions not granted to the consumer of a few thousand feet per month; 
the object here, however, lias been to give the price charged to the latter 
cla^. The average candle-power is also given in most ciises. The gas 
table was compiled by Dr, E, G- Love, Ga*i Examiner of N, Y, 



L^^iCAriox. 


rr.p«rM< 


Cuidle Pr. 


IrfOQA-noir. 


Pr.perM. 


tAndlf^ rr> 


Albany, N. V., 


12.50 


Ifr-lO 


Denver, CoL, . 


1.76 


20 


A11e|(h^njf Pa,, . 
Athinta, Ga,, . 


1,25 


15 


Newark, N. J., . 


2,00 


10-20 


1.60 


17 


New Bedford. Maas., 

New Raven, Conn., \ 


1.S7 


18 


Aubuiii, N*Y*, 


2,25 


Ifl 


2.00 


16-17 


Baltimore^ Ma*, 


2.60 


— 


New Orleans, La., ♦ 


3.50 


_ 


1,00 


20 


Newport, R. 1,, . 


2.00 


18 


Bay City, Mich., * 


2.25 


— 1 


New York, N. T*, . 


1,76 


1^^^ 


Boston^ Mn^s., 


1.50 


10 


Norfolk, Va., . 


1.80 


20 


Brooklyn, N* Y., . 


; 2.00 
2.25 




North Adama, MasB,, 
Omaha, Neb., « 


2.37 

2.60 


16 


Buffalo, N,T.» 


1.80 


20 


Oswei^o, N, Y., > 


2,25 


— , 


Cambridf^e, Masi., 


2.00 


IT 


Peoria, III, . . 


2.00 


16 


CamdeDt N, J., 


1.50 


17 


Peteraburg. Va., 


2.50 


17 


Cliarleston, £^. C»» * 


2,50 


^ 


Pliiliidelphia, Pa., . 


1,70 


ifl-n 


Cbelsea, Maas*, 


2.50 


18 


Pittt*bui-K, Pa.p . 


1.00 


— 


Chicago, 111., \ . 


( 1.00 
[ 1.25 


— ' 


Pit till eld, MaaB., . 
Portland, Me., . 


2.40 
2.00 


17-18 


Cincinnatt, O., 


LtfO 


10 


Poughkeepsie, N/T», 


2.14 


IS 


Clevulanfi, 0,| 


1.40 


— 1 


Providence, li 1., , 


1,80 


17-18 


Columtus, 0*, 


1-25 


17 


Qaincy, 111, 


2,25 


16 


Covington, Ky,, ■ 


3.00 


17 


Heading, Pa., . 


2.00 


24 


Davenport, lo** 


2.60 


la 


Richmond, Va.» 


2.00 


n-is 


Dayton, 0., < 


2.00 , 


16 


Eocheater, N. Y., . 


2.D0 


1 — 



It api>ears that in the United States there are upwards of 95,000 arc 
lanijjs and 250,000 incandescent lamps, distributed over 400 towns 
and cities- Only 13 years ago Professor Tyndall exliibited in Phila- 
delphia probiibly tlie first arc light seen in public in the United St-ates, 
and at present there are not less than !t70^000,000 invested in the 
business of electric lighting in this country alone; at least 25,000 
incandescent and 12,000 arc lamps are newly installed each year. 
Over G tons of mercury and 700 air pumps arc in use for the niaiiu- 
facture of glow lamps. In Paris in 1878 the coat to the city w^i^i at 
the rate of 29 cents per hour for a lamp of from 600 to 700 candlb- 
jKJWer* To-day, under like conditions, the city of New V r 

the rate of alx>ut 6 cents per lumr for a lamp of 2,000 l%, 
There are 300,000 carlKvns manufactured for arc hLiopaj 
States daily, one of our largest firms consuming 
petroleum coke per week, 
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Heat Utilized in Furnaces. Professor Gruner, in the Engineering 
and Mining Journal^ states that " In the wind furnace^ which is from 
this point of view the most imperfect apparatus, there is utilized in the 
fusion of steel in ci-ucibles but 1.7 of the total heat capacity of the fuel, 
or, at the most, 3 per cent of the heat generated. In the reverheratory^ 
wlien steel is melted in crucibles, the useful effect is 2 per cent of the 
total heat, or 3 per cent of the heat generated. In the Siemens crucible 
furnaces, 3 to 8.5 per cent ; in Siemens glass furnaces, operating on a 
large scale, 5.5 to 6 per cent ; in ordinary glass furnaces, 8 per cent ; 
in fusion uix)n the open hearth or a reverberator}', of glass, 7 per cent ; 
of iron, 8 per cent. 

" In well-arranged Siemens and Ponsard furnaces, up to 15, 18, and 
even 20 per cent of the total heat is utilized. The calorific effect is 
much greater when the fuel is mixed with the material to be fused. 

*' Large iron blast-furnaces utilize, according to the working, 70 to 80 
per cent of the heat generated, or 84 to 36 per cent of the total heat 
which tlie complete combustion of the fuel would set free. 

We are thus furnished with a basis of comparison between the 
efficiency in actual practice of crude coal and water gas; for it is 
estimated that, by reason of its instant mixture with the oxygen of the 
air, the combustion of the gas is so perfect that the heat generated 
would be 90 per cent of the full theoretic power by any rational system 
which would use the available heat in the products of combustion. 

Another cause of loss in the burning of crude fuels, and one of suffi- 
cient importance to deserve mention, is the fact that there is mixed 
with the carbon a considerable quantity of foreign matter not combustible, 
which absorbs heat and gives no equivalent. This is represented prin- 
cipally by the ash and the clinker, which every consumer of coal knows 
to l)e a large item. It reaches from 10 to 15 i^ev cent of the material. 

Therefore, while 2,240 pounds of coal represent a total theoretic 
value of 29,120,000 heat units, the value really utilized by the best 
modern blast furnace, according to Professor Gruner (36 per cent), 
would be 9,483,200. 

The weight of gas which the same ton would produce, viz., 2,050 
pounds, possesses a total value of 18,035,900 heat units, of which 
16,232,310 are actually available in practice, showing an advantage of 
the new fuel against the old as 1.71 is to 1. This advantage, moreover, 
exists upon the basis of a similar price for the coal employed in the 
two cases ; while, in fact, there is a still further gain in favor of gas, 
owing to the fact that it makes available a much cheaper material 
(slack) than can be employed in the direct furnace operation, a differ- 
ence at tide-water of about 2.5 to 1." 
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ILLUMINATING AND HEATING CONSTITUENTS OF COMMON GAS. 

Dn diaries Willhim Siemens, of \Ve:itiiiin^ter, Eag., the cUi^tin- 
jTiiisljed ill vu 1 1 tor {>f the regeiienitive ^a^ furiiat'e, tho Sit'iiu^ns direct 
and open Iteailli yteel processes, and the Sieiiieiis-ihilske dyiiaiiH*- 
electric imichiiie, lias recently called attention to some new diiseoveries 
in the nmnnfiicture and utilization of illuminating ga^, wliieh appear lo 
l)e of great importance. 

To gas nianufaeturers he points out that the gas coming fivm a retort 
varies very greatly in its ehaincter during progressive [jeriods of the 
charge ; that, during tlie fii^t quarter of an hour after closing the retort, 
mai-sh g^is, of little use for illuminating purposes, is formed; then for a 
jieriodof two lioui-s rieh liydrncarlxinsi are given off, and afterwards miu'sh 
gsis again • If the fii-st and List residts of the distillation are led into a 
main, separate from that into whieli the iutermediiite results are con- 
ducted, two thirds of the volume of all the gas produced will Ife rieh 
illiiminatijig giis, while the I'emaining one third will be weak gas 
available for lieating purjKJses* The illuminating gas, moreover, will 
have a higher candle power than when mixed with the marsh gi^ ; 
while the latter, l>eing less liable to deposit soot, will have a higher 
calorific power than the former. 

The mechanical contrivances for effecting this separation are simply 
a reversing valve t*> change the direction of the gas outflow, and, of 
coui-se, a double set of mains — one set for the illuminating and the 
other for the heating gas, 

LOSS m THE BURNING OP SOLID FUEL. 

There is id ways a loss attending the generation of heat from car* 
bona(*ecms fuels, and perhaps as much mt>re heat is Iftst in it^s application 
t4> any ectniomic use. The h>sa is greater in proportion as the amount 
of coal burnt becomes less in quantity. I'erbaijs tliere is no single apj pli- 
cation of lieat in wluch the los^s is greater than in that applied to the 
melting of metals in crucibles. In this metallurgical oiiemtiou the lire 
is often large, and urged U^ its utmost intensity, until the metal hiiij 
reached the proper degree of fusion, when the crucible is removed and 
the fire abandoned. 

This will apply in almost any cajse where an iJi tense degi"ee of heat is 
required, and its use confined to certain tixed or arbitniiy workuig 
houi-s. In this respect liquid or gtiscfHis fuels liave an advantage over 
solid fuels, i\a they need not l>e lighted until the last moment, the 
nature of the fuel permitting a coneentnition of heat at any desired 
point of application^ and in any degree of intensity; it is also at nil 
times under perfect control^ and the supply may be instant I v '^ot *TfT 
when no longer require d. 
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* Gas-Fired Steam Boilers* ''There is no doubt but that the pres- 
ent metho<l of hiiniing eoal ander steam Ix^ilem is a waHtefiil process, 
B» coiiifnired will I making the ffial iiUn p^a^ mid using it in th*it form, for 
it hiWi to 1k3 tunned into gnu in the furnace twforc any benefit can be 
derived from iU See alrt<» jwige 18?1 1^> 1^6. 

"ThU nn<]Uustionably ii* a loss, for a Ijoiler furnace is> a |KJor gas retort 
Murt^over, the coke resulting in available and still valuable for heating 
gas ret^irtM, 

*' Large companies only can affoni to erect gas works. One, the Jolin 
Ru^ssuH Cutlery Comj>iiny, of Turner's Falls, Mass,, has done so* They 
miy that tliey show a saving of 25 to 80 i>er cent over the use of coal 
and are not yet working t<> the Ijest adviintage in the gfis plant. The 
large eaving conies in increased production j>er forge r>er man. A 
bammer man will do from 25 to 30 per cent more work ^ith a gas than 
with a coal ^r«. 

** This alludes chiefly to the use of gas for beating steel, but it would 
also apply to making steam. It would save much dirty work around 
steam plants if gas ci)uld l)e genemlly introduced, and the ^'low water" 
engineer would havt^ a mucli k^tter time, for he could have his gas fire 
much easier than he could his coal fire; also, the pressure would be 
steadier, and, in many minor ways well known to engineers, great 
advantages would ensue. 

*'The Philadelphia Retford says that the problem of obtaining acbeaper 
fuel than coal fr>r Im^omotives, which has long tjothered railro<id men, 
seems likely to be solved soon by experiments now being made with gas- 
A very guod test of the new fuel has just Ijeen made at the works of 
the Electric Light Compuny in West Chester, which, since the fire 
which destniyed the old plant seveml montlis ago, have been dependent 
for their motive power on the Shaw locomotive, 

^' Insteiid of coal, gas mixed with air has been used in the locomotive 
with entire success in genei-ating iM>wer to drive the dynamos. With 
lai^er machines for pitKlucing ami mixing the gas^ it is believed that 
I>ower enough can Ije obtained for driving locomotives with trains, and 
a special car is now being Iniilt at New York to hold a large machine of 
the kind used in mixing the gas and the storage receivers. 

'* This will U> attached to t!*e Umzo motive, and tests will l)e made soon, 
prolMl>ly on the main line of the Pennsylvania Kailmad or the shcit 
branch line from West Chester to Plumiixville. The experiments at 
West (^lii?ster have Iwcn made under the direction of Jackson Rie hards. 
Master Mechanic of the Kcadiug Railroad's Norristown, German taun, 
North Pennsylvania, and Hound Brook routes, and be is sanguine of 
the success of the new fuel," 

* The Bfigifieert April 21, 1888, 
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In a report on ib* workings Mi\ Kiehiirds says : — 

'* I am satii^tied in my own mind that, if nmchiiies large enough for 
lf>co mot Ives are liuilt with a i-eserve power, it will Ue a great advantage 
mid Having lo hum gas as fuul for nilln^ad imrpose^. Having some 
thirty odd years' experience in the const nu-tion and management of 
l(K?omotLves, I can speak with eonlidenee on the snhjeet- I claim, in the 
ih^t plaee, that the saving in Ijurniiig gtis instead of coal will Ik* very 
gi*eat ; for with the pre.se ut system oidy about 45 per cent of tlic fuel is 
used, 55 per cent gotJig to wi^^te^ while with the ^Caloric King' to com- 
niiugle the gas and air, the combustion is so perfect that nothing is lost- 
Tti ilhistmte my meaning, it is only necessary to mention the fact — - 
well known to gas manufacturei'S — that one ton of coal will make 
about eleven thousand cubic feet of gas, which gas, commingled with air 
and burnt through the * (^ih>ric King,' will df> more railroad work than 
any two tons of coal, besides giving the com[Hiny an additional profit 
from the sale of coke. 

" The next saving, resulting fmm taking off the Imck pressure, 
amounts to 20 per eent, while doing away with the disagreeable noise of 
the exhaust, adding thiK strength to the engine. Another advantage to 
i";iil]iKu[ eom panics is the doing away with all smoke, soot, and cinders, 
thus saving the heavy damages that companies annually pay for pi-operty 
destroyed along their lines.^' 

•Substitutes for Coal in the Household. The introduction of 
80nie simple and economieal method i>f pn^vidijig dweHingdiouses witli 
ample supplies of heat fur warming, eoiiking, and tether domestic pur- 
jmseM, aji a substitute for the present general use of coal, in one of the 
reforms in domestic ectmomy wlueh the near future may have in store 
for the sorely tried himsekeeper of UmIuv* The demand for sulistantial 
reform in this direction is loud and imi)enitive» The use of solid fuid, 
in the form of coal, for exiimple, in the manner in which we consume it 
in our stf»ves, heatei>i, and ranges is pi-obahly ius extravagant, wasteful, 
troublesome, and dirty, and generally nnsat is factory a method of pro- 
viding tliis neeessary convenience of the household as could be devised- 
In adilitioTi to the annoyance and expense of having coal hauled from 
the yards and ilumped into our cellai-s, from whieh it must lie tlragged 
lalnuiously to every stoiy of the house where it is needed, we must at 
present suffer the annoyance of knowing that we buy at the outset 10 
to 15 per eent of wortidcss material in the form of jish, tliat must Im 
afterwards lalxuiously gathered up and conveyed to the liamd or box 
provided for its reception, and that wc blow out at our chifl^Bp ^iliout 
three quarters of the heat that is given out by eumhustiiint 

* The Ilian^fact^rtr aiu$ BuU 
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* Water Gas. " A water giij^ — tliat i;*, a giu^ resulting from tbe 
decnnijxi^uioii of f^team by contact with incandesce tit carljcm^ — if it can 
be made cheaitly, [Kissesscs r|ua1itie.s moit dc.sinvble in a fuel; vil, 
intUimniabiUty and intensity* lVnn|w>sed of hydrogen and carbooic 
oxidi?, it is free fnim t}ie undesirable element, nitrogen. 

■*If eartjonir oxifle, tvi^re.senting the niaxinmni flame intenaity (anuHi^ 
jjnirtical ganes), and bydrnj^cn, vvitli but little less* of tbat quality, and 
an even gi^ater * u.sefid vidtie/ iis I'erey ex[U'eHKcH it, do not furnish the 
veiT liighest onler of fuel, I ben seienee dt>es not yet know where to 
»eek itp 

''Fortunately, too, it ih a fuel obtainable at tire lowest eos^^t, thoiigi) 
thi>< iii a recent achievement. For nuire than a half century iiivenimt 
of different nationalitien have nuked their brains for »;onie niethotl 1y 
which water gsw could !je produced in large quantities inexjwnsivelr 
for the industrial art^ ; hut various Refects have invariably attached to 
the BJ'S terns proi>o«ed. and rendered them unsuccessful."" 

The extracts from the i-ejiort of Uarr on Water (ias, and by Dr. (iideon 
Moure on the Strong Fi\K-ess are drawn upon at some length, ti^ it is ilie 
conviction ui nu*st engineers tliat a gaseous fuel of Home soii, from Imug 
one of the **i>ressing needs of the present day/* hiis Ixjcouie a necesiiiity, 
and so great an Hilvantage to tbe manufactures and tbe arts^ that, wiuit- 
ever the outcome of tlie present grand discovery of natural gsis, men who 
have once used it will never njturn to solid fuel* " Gas In t§omefimn k 
the fuA t}f tke/uhirf.^^ 

M* H* Strong's Process for Generating Fuel Gas. " Adopting 
tlic cciuiomic principle tif iuteriru^ cumbuslion liinuigljouU viz,, burning 
the coal ni a primary clmniljer or generator and tlie pi'otlncti? of itis 
^lartial combust ion in a secondary one, wlierein the beat is stored for 
suh-iequeut utitimtion* there are novel features in the Stiting proct?ss 
wtiich give it very defiinte advantages in tlie nipid antl ec(»nnniie 
genemtioii of u com bust ible gas of remarkable purity and efficiency for 
fuel purposes, 

**The geuenitor is cliargcd with lump coal or coke, entered at the door 
in itti si tie or fnnn alxive by the opening left by the hopj^r^ which is 
re mo va hie by means of a lever and t mm way. An air blast ent^ii 
lielow the by d ran lie gmte bars, which drives the fire, and forces n\'^r 
into tbe adj<uniug chani}K.*rs, laid up with loose tire brick, like a Whit- 
well stove, the products of partial combustion ( Siemens gas K which 
are ignited therein by a second blast entering through a jierfomted 
tiling, and buru dttwn wards among the brickwork* 

* Wm> llM-r: " Ihe Cijml^uiittloii of Cool." 
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** The third chamber, filled like the second with refractoiy material, 
absoi'lxi a part, at least, of the heat from the waate product**, which 
tMScape at the top through an open valve. 

**When the coal has attained a heiit of, «ay red to bright red, the 
bdek of the superheater (a^s the secondary ehambern are temied) shows 
orange tovhite. 

"The air blasts are then shut off, the valve before mentioned is closed, 

and vff'am is admitted just below, 

"PiiHsing, it becomea inteimely heated by contact with the bricks, 
fi-oni which it emerges into the top of the generator, where it meets a 
shower of coal dust sifted downwards from the hopper, by means of an 
Archimcdian screw slowly revolved. 

"The steam has acquired such an increment of heat, by contact 
with the dust carbon, a mutual decomposition immediately ensues, and 
the gases resulting pa^s downward through the bed of coal, and out 
below the grjite bai'a into the hydraulic main, 

" Aiitonishing as this original method of decomposition may apjiear, 
there is no doubt of its occurrence at this point, as during the earlier 
experiments the gases were allowed tc} escape from the generator with- 
out jmssing over tlie incandescent coaK There was found, however, an 
excess of carlxjnic acid in the product, and some unconverted partielea 
of carljon were carried over. Both these defects were remedied by the 
passage of the gaaea though the burning coal, the carlx>nic acid chang- 
ing to oxide of carbon, and the unburnt dust being arrested and 
utilized for fuel- 

" The theory that the rapidity in evolution of the gas is p]x>portioned 
to the reduced size of the ^jarticles of the carbon is fully con tinned by 
tests made on pulverized peat, during which the volume of the gas for 
a given period was increased about 50 per cent as compared with the 

coid slack. 

'* The operations of the apparatus at Mount Vernon, in New York, 
where experinientivl practice hfu* extended through the year, substiintiate 
the claim that a pure water gsw can lie obbiined at the ex[>eaditui e of 
not over two thousand two hundred and forty pounds of coal for each 
fifty thousand cubic feet. This includes the quantity burned under thrr 
boiler, wliich amounts to from 25 to 30 j>er cent of the whole. Uut it 
would seem that this considerable amount expende<l in the gener 
of steam may Ije S4ived by a simple utilization of the heat of th*! 
nating waste and gtiseous portions which, under these experir 
escaped at from 800^ to 1,200^ Fahr." 
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COMPARATIVE VALUE OF THE STRONG QAS AS A FUEL. 

** As has already been shown, the Strong gas possesses a heating power 
of 8,798 units and a flame temperature of 6,483° Fahr. One cubic foot 
of the gas, weighing, at 62** Fahr., 0.0411 pounds, requires for its perfect 
combustion 2.47 cubic feet of air, and yields 3.027 cubic feet of productB 
of combustion, of which 0.610 cubic feet is aqueous vapor, and 2.417 
cubic feet is permanent gases. 

** In the combustion of gaseous fuel, under normal conditions and with 
perfect utilization of the heat of the fire gases, the only loss of heat is 
due to radiation. 

" Allowing 10 per cent as the probable extent of tliis waste, we have, 
for the effective heating power of the Strong gas, 7,918 units per pound ; 
or 100 pounds of pure anthracite (yielding, as has previously been 
shown, 228.22 pounds of gas) would develop in practice a heating 
effect equal to 228.22 x 7,917.91=1,807,025 unite of heat. 

" The theoretical heating effect of coal being 13,000 unite, the 100 
pounds of coal would, if directly burned, develop 1,300,000 unite, of 
which, however, but about 60 per cent, or 660,000 unite, would be 
realized under ordinary conditions in practice ; hence the practical heat- 
ing effect of the gas stands to that of the coal from which it was directly 
derived as 2.78 to 1. 

" In the manufacture, however, there is a large consumption of coal for 
heating the generator and for tlie production of steam. According to 
the inventor's figures, 60 pounds of coal will produce 1,000 cubic feet of 
gas, weighing 41.16 pounds, and possessing the theoretical heating 
effect of 362,113 unite, of which 326,902 would be i*ealized in practice. 
Fifty pounds of coal possesses the theoretical heating effect of 660,000 
unite, of which but 326,000 would be realized in practice under ordinary 
conditions and by continuous use, as in the generation of steam. 

" Hence, in practice, and under equal conditions as to radiation and 
continuous use, the gas will produce the full heating effect of the coal 
consumed in making it. 

" The case is, however, very different in the numerous class of applica- 
tions, in which the cheapest grades of coals cannot be used. Thus, with 
ordinary steam and manufacturing coal, of which the price in New York 
is at present $4.60 a ton, the 60 pounds of coal would cost 10 cents, 
which, contrasted with the average cost of the Strong gas, 7 cente, shows 
the great economic advantages of the latter. 

" The comparison becomes still more favorable to gas fuel if applied to 
ordinary domestic uses. In that department it is generally conceded 
that 10 per cent of the theoretic heating power of coal is the best result 
obtained, so that in these uses gas would have an advantage of about 
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** Another fetiture worthy of special comment is the intensify of vomhui- 
tion of a gas fuel. The theoretic power of the Strong gas is 5,483° 
Fahi%, and the n?lation of this fact to rapid and economic o[icnition is 
too manifetit to retjuire argument, A furnace will often stand indefi- 
nitely at a teniijeratni'e juat short of that necessary to aeconiplish its 
work, at an incalciilaljle loss of time, money, and temper, and sometimes 
to the serious disadvantage of the product. Tlie writer has seen a small 
experimental reverbemtory for the burning of this gas ready to charge 
in 12 minutes from lighting* and iron melted therein in 8 minutes after, 

"Again the mn»tancy of this ga%jlame is another marked advantage, 
and will enable the mechanic, once the proper admixture of air iat ascer- 
tained, to wield a heat adapted to his special wants, to maintain a 
uniform temperature, and obtain a uniform result in time^ cost, and 
quality- 

*' The extraordinary purity of the gas derived by this system is 
another exceedingly important fact. Analysis by Dr. Mooi^ proves 
that the unpurihed gas conUiins about 12.90 grains of sulphur, which ia 
considerably less than the legal limitation for purified gas in London. 

" But the absence of any large i>ercentage of non-comhustible con- 
stituents is far more important, as will be ol)ser\^ed by the following 
table : — 

Oxygen .... 0.77 Light carbui-etted hydrogen, 4.11 
Carljonic acid . , . 2,05 Carlxinie oxide . - 35.88 

Nitrogeji * . . . 4.43 Hydrogen , . . 52 J 6 

" It is in striking conti-ast to that produced by the Siemens furnace, 
which, at al»out the same cast, contains aljout two thirds of non-com- 
bustibles. This serious drawback has been a characteristic of all cheap 
gases heretofore, and is a fatal objection in any method aiming to 
supply the general demands of a fuel giis. Aside from the fact that 
such a heavy dilution impairs the efiicieney and the value of a gas to an 
extent not generally understood, the addition of such a useless volume 
would necessitate an excessive size and cost of mains for its distribution. 

"The most striking advantages of the Strong process are : — 

1st* The extreme mpidity with which the gsises ai'e generated in 
large volumes, 

2d. The variety and low cost of materials which may be employed* 

8d. The r e nun k able purity of the protluct, 

4th- The economy of the labor involved. 

5tlL Itii value as a sul^titute for other forms of solid or gaseous fuel, 
in tlie arts and for domestic use- 

6th, It-s application for illuminating purposes, citlicr after previously 
charging it with illuminating substaTices, as a substitute for ordinaiy 
illuminatiug gas or as a diluent for very rich coal gas." 



^ 



r 




> 



208 

Heat: Its Science, Production, and Application. 



7r 

.,1 



The attention of the public having been so often drawn to the grand 
success of natural gas as an e very-day fuel, gas engineers have been 
busy in devising apparatus for the cheap and successful manufacture of 
fuel gas. 

In presenting the merits of the Peter English process for the manu- 
facture of water and fuel gas from the crude oil and decomposed steam, 
we do so without endeavoring to show its superiority over all others, 
but as furnishing a reference to one of the important and successful 
methods of supplying a gaseous fuel and superior illuminant. This, 
with a table of the cost of gas in the several cities, will close our subject 
of gases and their production and application to heating, cooking, and 
other uses. (See pages 198 and 199.) 

* A sample of gas taken from the city main, Titusville, gives the 
following percentage of constituents, as tested by the latest and most 
improved instruments : — 

Percent. 

lUuminants 11.09 

Carbonic oxide 23.20 

Carbonic acid 1.11 

Hydrogen 48.50 

Marsh gas 16.10 



100.00 



The specific gravity varies from 0.60 to 0.67. Concerning the 
question whether this can be considered as a fixed gas, I have to make 
the following statement : — 

The gas was submitted to a temperature of 30® below zero, Fahr., in 
such a manner that one cubic foot of gas required eighty minutes to 
travel through the refrigerating apparatus. One cubic foot of gas 
yielded 2.97 per cent of a condensed liquid, which on examination 
was found to be pure water without oils. Another test, made at a 
temperature of 15° below zero, Fahr., gave 2.10 per cent of water. 

In order to ascertain the behavior of the gas under large pressure, I 
submitted a measured amount to a pressure of thirty pounds, by means 
of a high column of mercury, simultaneously cooling it to a tempera- 
ture of 15® below zero. This test did not show any condensation of 
the water or oils. 

These experiments will plainly show that the gas can be considered 
to be a fixed gas, having been submitted to these severe tests, and even 
stands superior, in respect to condensation, to coal gas, which I tested 
at various places, yielding up to 3.5 per cent of oil, consisting of benzole, 
toluole, hylole, and traces of naphthaline. 

• F. Salathle, Ph. D., Mannf actnring Chemist, TitasTllle, Pa. 
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•'*We further guarantee specifically, with the lalxir of one man in 
twelve hours, in our &ix-inch apjjaratuB, the size be^t adapted to small 
works, to make forf^f thousand nihic feet of twenty-two candle-power ga%^ 
uninfj not to exceed the folio wini/ : — 

'^ Fifty pounds of hard eoke or antlmicite coal, five, to five and one- 
half, gallons of crude oil j>er one tliousand cubic feet of gas (with an 
allowance of ^ per cent for pnrification). In larger works we 
guarantee better I'eaults from the same labor, as the same man will run 
a large cupola^ of three times the above capacity, just as easily, or will 
run two turns, ' blowing a heat ' on one while * making a run ' on the 
other. Furthermore, our appamtus must come up to our specifications 
and guarantees of results in every particular, or it will l>e removed at 
our own cost fi"om the works, and nothing demanded. 

" To emphasize, we call attention to one instance where our gas 
permanently displaced and succeeded coke in heating iron rods for tlie 
manufacture of honsesboe nails^ in one of the most noted works of the 
kind in America. 

** We liave l>een assured hy the al)Ove company that they would pay 
$1 i>er one tliousand cubit; feet for our gas rather than go hack to solid 
fuel. 

Advantages and claims : — 

** 1st. The use, if desirable, of cnuTe petroletini in tlie manufacture of 
water gas. 

** 2d, The economy thus effected is not ai»proached by any other 
Bystem, 

** 3d* The safety from risk, as well as the saving from evaporation, in 
using crude oil rather than najihtha or l)enzine is a great feature, 

*' 4th, The first cost of the plant, as well as the future expense for 
repairs, is less than any other, guaranteeing like i-esults, 

*^ 5th. The handling of the cupola and the o|je ration of the entire 
system is so simple and so easily acquired, that a green baud is 
fixiqueutly left in charge after one week's instruction/' 

From the above we make the following estimate : — ■■ 
Cost jier 1,000 cubic feet of gas: 50 pounds coal @ $2,50 = ft.S 
cents; 5)^ gidlous crudti petroleum @ 3 cents^ll3,5. Labor @ Jftl.50 
per day ^3.8 cents. Total 26,5 cents per 1,000 cubic feet. Wi^ight 
of 1,000 cubic feet of gas (sp. gr. ,60) 1,000 x ,045 =45 pounds — 
equivalent to as many jwunds of coal in practical calori fu 
See Table No. 3 on the h(jat of Water Gas. 



*Thti T^lcKay MuiiufacCurtng^Cotiii>;Liiy, Tltuevltlv, P^ 
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AIR AKD GAS CARBURETTED. 

*Gas from Crude Petroleum, Parafline Oil, and Residuum* 
A large number of patenta have been taken out for the manufacture of 
iUuniinating gas from crude petroleum and tlie dense products of its 
manufacture* The general principle on which all these processes depend 
for o| deration consistM in the distillation of the materials ata temperatiue 
8 u flic ie ally elevated to crack the petroleum compounds into gaseoua 
proihictii. 

ThiB method of preparing illumiuating gas ia quite extensively used 
for lightinjT Lirge inanufacti>ries and villagej* and small towns- 
Carburetors. The idea of sat uniting illuminating gas with the 
vapors of volatile hydrocarbons for the purpose of incre^ising its illuim- 
nating power was entertained long before the discovery of petroleum in 
connuercial quantities- The low price at which these pnxiucts could 
be obtained after {setroleuni became extensively produced led to the 
invention of a large numljer of machines in a great variety of form and 
principle of construction. 

The number patented in England, France, Germany, and the United 
States prior to 1880 must be in the neighborhood of one thou^iid. 
The first patents that were issued were for inventions that protluced a 
complete or partial sat unit ion of the gas or air without in any manner 
controlling the evaporation or tempeniture. Evajjoration was induced 
and rendered more constant by the construction of a sort of a labyrinth, 
through which the gas or air was forced- This method of carburetioo, 
altliough very effectual, was still open to objections, and did not fumisli 
uniform results ; but the difheulty was removed by an invention by 
which the tank in which the naphtha was being distilled was snbniei^ 
in a wooden tank of water. The great specific heat of the water caused 
it to give out heat, equalizing the tem|>erature, producing a unifotm 
distillation, and consequently a uniform partial saturation of the air or 
gsis. 

This contrivance may be said to have rendered the carbureting of air 
a success, and a large nuniV)er of machines have been constructed on 
this principle. The gradual fractional distillation results in the accunii> 
lation of a i-esidue in the labyrinth too dense for evaporation with suffi* 
cient rapidity to properly carburet the air. Many attempts have been 
made to remedy tliis defect, in wliieh success has been attained by t 
remarkable invention of recent date. 

Thh marhuie h called the metrical carburetor^ and %% unedft^r carhurtt* 
ing either ga% or air. The name designates a peculiar feature of the 
instrument — that it meiisures the amount of carbureting fiuid to either 
the gas or the air. 

•8. F. Peckham, U. 8. Census Report. 
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One and n half to two galloiui of light iia]>htlia are measured to one 
thousand cubic feet of onlinaiy street gas, or tliree to six gallons of 
gasoline to one thousand cubic feet of air, according to the purpose for 
wJiich the gas is to be used. In regard to econoin v» safetj% and perfect 
operation, this metrical ciU'bui'etor far excels all othena hitherto invented* 



EXPERIMENTS WITH GASOLINE AND COAL GAS. 

Experiment i. Twelve Argnnd burners were connected to coal gas, 
12 to air gas* A meter was attached to each 12 buiTiers* The burners 
were matched ami the light as near alike lu* [X)ssible. When the meter 
on tlie coal gjis registered 1,000 cubic feet^ the meter on the air gaa 
registered 560 feet. 

Experiment 2* Four lava tip 12 c. f* burn el's wei-e used with gaa 
dilut^^d Buitable for illuminating, which wtmld Ix* equivalent to using a 
mixer* One honr^ gas consumed was 13*j cubic feet, of which 12 
cubic feet was pui'e air. 

Expcrinient 3. Same burners, same time, temperatui-e 54*^, diluted 
as before. Fifteen cubic feet of giis consumed, 13 ^l, of whii'h was 
pure air; 8 ounces of gasoline consumed (a gallon of 83° gasoline 
weiglis 85 ounces). 

Experiment 4» Foiiy-five ounces of gasoline was used, producing 
66 5j feet of gas, of which 46 j' was pure air under an average tem- 
perature of 42^ 

Experiment 5. A small castriron heating furnace, nmde by tlie 
Archer & Pancoast Manufacturing Co. of New York, was used one 
hour, consuming 12 ouuces of gasoline; cost per hour^ 2.82 cents, with 
86" gasoline at 20 cents per gallon. 

The heat was such that a pair of 2}^ -pound soldering coppers were 
at a working heat in 5 minutes, commencing with the furnace cold, 
and 1 pair 6-]*oand coppera in 7j4 minutes. When the furnace was 
hot, a pair of 2 J^ -pound copj>er8 were hot in lj4 minutes, and at a 
forging heat in 3 minutes. Coal gtis was used in the same furnace, 
furnishing about the same results in heat, but consuming 19 cubic feet 
per hour, costing 5 8-10 cents per hour, with gas at $d per 1^000 feet. 



\ 




/ 



212 

Heat: Its Science, Production, and Application. & 



RECAPITULATION. 

There are four varieties of gas available for fuel ; viz., common Ulumi- 
nating ga$y water ga%^ generator gaa^ and carburetUd gas. 

Illuminating gas consists mainly of carburetted hydrogen. It has a 
high calorific value, but only the volatile constituents of the coal can be 
utilized in its manufacture. 

Water gas is a mixture of carbonic oxide with hydrogen. Both the 
coke and the volatile portion of the coal are utilized. 

Generator gas consists of carbonic oxide mingled with a large propor- 
tion of incombustible gases. 

Carburetted gas is common gas, or air carburetted with gasoline or 
naphtha. 

Of the total heating capacity of solid fuel, only a small percentage is 
utilized in metallurgic operations and in ordinary domestic use. 

The advantages connected with the use of a gas fuel may be 
enumerated as follows: — 

Ist. The cost, labor, and inconvenience of handling a heavy material 
are avoided, the fuel being capable of easy distribution. 

2d. It is in a form also free from those mineral impurities which 
involve a large residual waste, besides impairing combustion. 

3d. It is free also (if it is a purely combustible gas) from those 
ingredients which, in the present method of burning, involve even 
greater loss than the cause last mentioned. 

4th. It is in precisely the condition to unite perfectly and instan- 
taneously with the oxygen of the air, thus securing a thorough com- 
bustion. 

5th.* Hence it gives an immediate and uniform result, and its flame 
temperature is constant. 

6th. The intense and steady heat of the flame just mentioned, saves 
both time and money, by presenting an even fire surface at the time of 
igfiition. 

7th. It is a firjB capable of concentration upon the precise point where 
the fire is wanted, and one that is thoroughly under control, the turning 
of a valve starting, graduating, and stopping the combustion at will. 

8th. The general cleanliness of the system, no dirt or residuals being 
left. 

9th. The decided advantage, from a sanitary standpoint, of simply 
burning combustible gases in our dwellings, instead of trying to make 
them as well, by means of the imperfect gas machines called stoves and 
furnaces, is one that should not be overlooked. 

lOtli. A great source of economy in the use of a gaseous fuel is the 
utilizing the poorer grades of coal which would other^vise be wasted. 
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U UNSAFE BOILERS AND STEAM GENERATORS. ^|| 
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PART III. 

I E FORE taking up the liquid or gaseous fuels, we called attention 
to the fact that the regular order of our subjects was necessarily 
broken by admitting a chapter on the construction of furnaces 
before we had considered all the fuels and their relation to the 
important matter of Part I., the " Chemistry of Combustion." 

But as the fine fuels — the slack, and waste, and the powdered coak 
— could not well come in later, so the furnaces, which are adapted to 
bum these coals, claimed attention in the general section of solid fuels, 
and the conditions necessary to their combustion. 

It was not the writer's original intention to attempt any general 
history of the steam boiler, ancient or modern, since whole volumes 
have been and might be filled with considerations of materials, and 
details of the various constructions, which have from time to time 
claimed the attention of manufacturers and engineers. 

It seems desirable, however, to review somewhat the two distinctive 
classes of boilers — the wrought-iron "return tubular" and the wrought 
and steel sectional boilers, confining these remarks, however, more to 
cast-iron boilers and radiators than to wrought materials, or construc- 
tion employed in the production of power, these being so fully ti'eated 
by former writers. 

In discussing furnaces and boilers, we shall consider those mainly 
employed and adapted to the warming and ventilation of buildings, with 
perhaps the exception of the cast and wrought iron constrictions, which 
are not limited to any particular class of work. These deserve a candid 
and careful consideration. 

There is a gn^wincf nonviction that whatever else, all boilers for heat- 
ing thveUimjity ^ti'htnlhf^m^e^^ churt'hv»^ and tJllier publit; buiUUjiirs fihuuld 
be of the non-tixi>losive clai^. No chances should be undeif ** 

human life in il^ nioxt unprotectetl iind helplens i^oTulUiou pa\i ^, 

The stupidity, ignorance, or carelesssn^ss - — fiujultiea iiudnly % 
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often employed in the care and management of steam boilers — should 
have no opportunity to display these traits (inherited or otherwise). 

There are two great and unmitigated evils, that cling like a pestilence 
around the neck of individuals and society, — intemperance and boiler 
explosions^ — both reckless and needless squanderers of human life and 
tiappiness^ — the first largely responsible for the second. 

To say that any great evil or scourge is preventable^ and yet tamely 
endured by a generally intelligent and educated community, is to sum 
up the whole grave indictment in two words. Wanton Waste. 

There may be no question which is the worst destroyer of life and 
property, or a need to show that both of these terrors are largely an 
inheritance, an inherited and transmitted disease following us down 
from the dark ages, as did negro slavery, and its attendant disregard of 
human life and happiness. 

But to say that they exist, that they thrive and grow all about us, 
strewing their broad pathway with the wrecks and wreckage of the 
most precious cargoes ever freighted by sea or land, is to call a halt 1 
while we briefly consider the way we walk, and how our steps will look 
to those that follow after us and gaze at the tracks made in the full light 
and knowledge of the nineteenth century. 

If a " recklessness of human life is the essence of barbarism," every 
steam-boiler explosion is a similar relic, if the owner or user has not 
done all in their power to prevent disaster, while invoking the genius 
of warmth and power. 

Dr. Alban, of Plan, in Meclenberg, is given the credit of enunciating 
the grand idea, " tfiat all boilers should be so constructed that their explo- 
sions or ruptures from whatever cause should not be dangerous to human 
life^ Who first commenced to utilize this grand idea by constructing 
and putting into use a safe steam generator, is perhaps hai*der to 
determine. 

It requires but little reflection to see that this subject has not 
received the searching examination that ite magnitude and importance 
demand. Acute intellects have for over a century been employed in 
perfecting the steam engine, it being the more showy and attractive 
machine; while the boiler and generator has been left to the crude 
notions of a class of mechanics whose main qualifications seem to 
be the curving of a plate, the use of the hammer and drift pin. The 
question of safety as connected with the form and construction of 
boilers seems to have been generally ignored until within the past few 
years, when, as steam came more and more into general demand, fol- 
lowed by a corresponding increase of pressure and accidents, destroying 
human life and property without limit, there have been frantic efforts to 
ascertain practically the reason why so many boilers explode. The 
V f^ results so far have been anything but satisfactory. ^\ 
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That boiler explosions are preventable to a degree, even where the 
large shell is employed, is shown by the reduction of accidents ; and the 
detection of weakness, before rupture occurs, by the careful and regular 
inspection of insurance companies, who, having a money interest in 
every boiler they issue a policy upon, leave no stone unturned to secure 
proper construction, setting, and care afterwards. 

One company. The American, of New York, goes so far as to publish 
a handsome and creditable book of over two hundred pages on " The 
useful things to know about steam boilers." G. B. N. Tower, editor. 

The Hartford Company do even better than this, and publish a 
monthly called " The Locomotive," in which may be found not only 
much practical matter of interest to engineers, but which would prove 
of the greatest importance to all parties who either own or operate a 
boiler in any way. 

Here may also be found a detailed list of all the explosions that 
occur, with data obtained from the inspectors, without which reports 
of boiler explosions should be taken with a large margin for corrections. 
In another place we insert a summary of the Inspector's report for the 
years 1887 and 1888. 

That the same causes which so often rupture and destroy a shell 
boiler will neither rupture nor destroy a sectional boiler of wrought or 
cast tubes, is certainly true, and this, irrespective of the material of 
which the tubes are made. 

That it is the shell of the wrought-iron boiler, and not the tubes^ which 
explodes, is well known ; and it is upon the shell that all the skill of the 
maker, all the care of the fireman, is expended. True, if he get his 
water below the tubes, they will expand, and leak, and require repairs ; 
but, should he get low water on the shelly uncover even a foot of it at 
the water line, and then pump it up suddenly, — well, he may survive 
to affirm there was plenty of water, but generally a coroner's jury renders 
the usual verdict. 

It is not a little singular that the real key to this question should 
have escaped the education and mechanical judgment of engineers or 
even of persons without any special or technical training. 

Take up almost any of the numberless books on the steam boiler, and 
see with what care and earnestness eveiy detail of construction and 
materials is iiiai£ited upon, from the manufacture of the iron to its 
shearings punching, drilling, riveting, bnici ng, atul staying, to the 
curv^e and thiekness of tlie head, to the diaiii' fsngth of the 

tubes; and finally, to secure the accuraey and ired, special 

machines are designed and employed, each of ^g a small 

fortune to construct and operate* 

^Si ^ =. i^4®^ 
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And when all is done, what have we? What go we out for 
to see? 

A cylinder of from two to six feet in diameter and from eight to six- 
teen feet long has been made up of separate plates of various thick- 
nesses, rolled, punched, and riveted together, — we may fairly say sewed 
together^ — the rivets representing the stitches in the iron seauL, on each 
one of which the value of the whole structure depends, as, if under the 
ordeal of fire and water, but one of the thousand rivets yields, the next 
receives a double strain, and so on, until the inevitable rupture and 
explosion follow. 

It was not the author's intention to enter at great length into a sub- 
ject already familiar to readers of engineering and scientific journals, 
and to press a point where he might be supposed to be influenced by 
even a remote interest in sectional boilers. But the last terrible cry of 
midnight tereck^ disaster^ suffering^ and death comes to us wtiile our type 
is standing on the printer's form. 

Certainly, in a matter of this importance no f^e scruple should 
deter a writer from stating his honest convictions, or from giving a 
place to what is but the common history of the times, and what may be 
expected in the future unless there is a ludical change in the methods 
and machines for the generation of heat. 

Condensing the Olobe and Herald reports of Feb. 18, 1889, we read 
as follows : — 

*'^ Hartford Hotel Horror! Boiler in Basement Explodes! Eighteen 
Dead Taken from the Ruins! Ten Maimed Victims in the Hospital I 
Midnight Search for the Entombed! Tales of Suffering from the Wreck! 
Arrest of the Engineer and Commitment to Jail!^* 

The Park Central Hotel was a comparatively new and substantial 
building one hundred and twenty-five feet long and forty feet wide, hav- 
ing some forty rooms, and built at an expense of about $100,000. 
Later an annex was added containing twenty-four rooms ; these were 
for the servants and employes. 

The guests, regular boarders, transients, and servants were asleep. 

It was five o'clock all over New England when the fact was 
announced in Hartford by a shock that made its streets tremble, and 
broke the glass in many houses near the depot of the New York, New 
England & Hartford Railroad. It was a rumble like an earthquake, a 
tremor like a falling mountain, and a roar like distant thunder. 

Tlieii the big hotel with its brick and granite walls was seen to sway 
to and fro like a drunken man. A moment it tottered as if uncertain 
what to do, and then it came toppling over, filling High and Alley 
streets with debris and the air with dust and smoke. 
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The Central Park Hotel was no more. But where were the fifty or 
more people who were quietly sleeping in their liecLs ? 

Like the dreaming Turk in Halleck's fainouis pocni "They woke to 
die niitl flame and nmoke,'' — ov tlicwae that did not die lingered on 
tlirough the fight for life and res^eue made by the brave firemen and 
jioliee, pinned down by heavy timbei-s, siiflfocated by dvmt and smoke, 
and finally di^nehed by ice-cold water until in their agony they coveted 
the fate of those who by instant death had escajied horrors so utmui»- 
portal)Ie* Of this time, the proprietor, Mr, Ketchiuii, said : '* I don*t 
knnw^ much al>out the first cm«h; I was asleep. I had no presentiment 
of the coming danger. All at once I woke up; there was a heavy 
weight upon niy Imck and legs, so that I could not move* I do not 
remember hearing a sound of any kind save the cries of my wife, wbo 
wiLs moaning and ticking for help that I could not render her. 1 niade 
every posjsible effort to free myself, but it wai* of no lu^e 1 I was fimdy 
vised, and the pain I suffered was intense. Again and again I aijoke to 
ni}' wife, trjing to cheer her; the only answer was a moan, 

" Then the smoke came up from below to blind ami choke me, and, to 
add to my agony, I was drenched with ice-cold water and nearly 
drowned ; aft^er this I was fearfully cold, and seemed likely to freeze to 
death, I could hear the men at work outside ray prison^ but my voice 
could not reach them. 

" There seemed nothing left to do but to die* T wished death would 
come, and come soon. In this frame of mind I lay, I don't know how 
long — it seemed an eternity." 

There is much more harrowing i^cital of this kind, but sensational 
details are not sought here. The plain facts were terrible enough, and 
we turn to some words of the engineer and others that went down in 
the wreck • 

The engineer, Alex Thner, was found near the ruins, and taken to 
the station. When asked to give his relation of the disaster, he siiid 
that he was w^ilUng to tell all Uiat he knew alx>nt it, but this w^as not 
much, 

*^I have been engineer of the Park Central for a numl>er of years, 
and up to the putting in of the new bidlcr four and a lialf years ago* 
Soon after, Amos Risley wna emplt>yed jls my ansLstant, and we divided 
the time on duty. It waa our usual cuiitom to bank the fii'es at twelve 
o'clock Saturday and Sunday nights, and on tlietiie nigiit-s no one 
remained in the boiler-room* When we left the fire^ with the steam 
on for the building, there would \)e from forty to »i^^*/ p^^jttL qf steam. 

'' I had been off duty since Sunday tuum, ami wns ^^^Bfli ^^^ ^^^ 
this mori iing. Ri£>ley was o n fro m t w^ viju\ji' k J . , ^ - 1 1- i^^^^Hftd 1 1 i t^l 1 1 * 
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I called to see him at half-past ten, but remained only a few minutes. 
I then went to my room in the annex, and retired at twenty minutes 
past eleven. I heard Risley go to his room next to mine soon after 
midnight, and knew no more until the crash this morning." 

" How about the boiler when it was left nights ? Was it possible for 
any cold water to get into the boiler after the boiler-room had been 
closed for the night?" 

" Yes, it was possible. A number of times the trap to the reservoir, 
where the water from the condensed steam was stored, has worked 
badly, and at times leaked. 

** But the boiler was left full of water every night, and it does not 
seem possible that it could get out." 

^^ If the boiler had been empty, and the trap had acted as it has on a 
number of occasions, the cold water would flow into the boiler, which 
would cause an explosionJ*^ 

" The boiler was inspected last folly and the certificate hung in the 
engine-room.^^ 

Shades of Watt ! What nonsense, what idiocy, has been talked of 
the agent you discovered! The boiler was always full of water; it 
could not get out ; but, if it did, and any more water (hot !) from 
the reservoir got in, then the boiler would explode ! 

Yes! The certificate hung in the engine-room; the boiler was all 
right — it had plenty of water; the fires were banked; the engineer was 
sober, at least at the time -^ " he had not drank anything for over four 
years except an occasional glass of small beer." 

Yes, again, — all was fair, secure, and safe to outward seeming ; but, 
under all these favorable outward conditions, a force was generated, 
and lay slumbering in the basement, sufficient to burst its bonds, tear 
its way through whatever was over and above, and demolish a five- 
story building, and to bury in its ruins the people who trusted in 
their outwardly fair and common condition — so common that, with 
all the terrible warnings and disasters that constantly follow in the 
track of shell and explosive boilers, it is the exception to-day to 
find any other under hotels and commercial buildings, while hun- 
dreds are placed each year under schoolhouses^ churches^ and private 
dwellings ! 

A list of the killed and wounded seems to be a fitting period to this 
last record of human frailty y ignorance^ and cupidity^ as exhibited in an 
unsafe boiler construction^ run and operated under conditions that from 
first to last invite the disaster that sooner or later overtakes it. 
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FIFTEEN BODIES TAKEN OUTp 

All but Three Identified — Others Still in the Rmns. 

The nunilier of pereioiiA killed will reach twenty, and poissibly thirty- 
Dwight H, Buell, Hiirtford; Luuk H, Bronson, wifu, antl ten-year- 
old daughter ; George Ketchum, brother of pro]>rietor of hotel ; Eddie 
K etc hum, thtrteen-year-ohl sou of the proprietor ; J. C, Hill, of New 
York; E. George Gains, niglit porter, of Hartfoi"d; J, George Engler, 
of Norwich, clerk at Marwick^s drug store j J. M. Horseman, of 
Bn>oklyri, N. Y. ; A, F» Tillottsoii, of Cincinnati, O. ; George W. Root^ 
drummer for Wait, Williams & Co., dealers in oils, Boston, 

The unknown are men who are horribly mangled. Added to these 
the following are known to be in the ruins : — 

Rev, Dr, Perrin and wife, Hartford; A. F- Wluting and wife; 
Edward Perry, the night clerk- 

These are all tliat are known to be dead, but it is possible a few 
transients arrived on the late tmiim after the night clerk left at ten 
o'clock last night 

TelegrauiB have been received giving instructions in case of the find- 
ing of the bodies of E* Rowland and wife, of New York; F, W- Brittain, 

of Birminghanit this State ; and Dunnington, of Famiington, tliia 

State- 
Mr, Rowland recently came intti possession of 140,000 by the death 
of an uncle in Windsor, and w^as on his way to obUiin liis money. It is 
not known for a certahity tluit Mr. and Mi-w. Rowland were in the hotel, 
but they were due in the city Saturday night, and could not lie found at 
the other hotels. The othei's are also believed to be in the ruins. 

With a few condeiL^ed remarks frtmi the Boaton Dnity Globe of the 
2 0th I we piss tsn to glance at one or two other late examples of the shell 
boiler, its care, management, and results. 

'* The unsafe boiler, incompetent engineer and fireman must go.'* 
**Bntli of them are a standing luenace to the safety of the community^ 
and the wonder is that they have been allowed to remain so long*" 
John T, Daly, of the Inspector of Buildings Office, sa^^s: — 
^■^ Undoubtedly tliere are a great many nnsafe buildings in this eity^ 
and boilers in charge (»f ineomj^etent persons. 

*' In some large buildings the men in charge of boilers have also to 
asaume the duties of janitoi-s, shippers, etc., ajid I very often tuid an 
engineer who does not know whether his boiler conforms to legal 
requirements or safe conditions* I saw at one time a Ixnler whose 
normal pressure was sixty pounds, and thp noa iu chaige had hung a 
four-pound weight adflitional on the U'V^^HHj^afety valve, raising 
its pressure to ninety pounds* 
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*♦ r know of one jjlace where iht* man who looks after the boiler aUo 
runi* a lattie; and in immy of tlie dowti-tovm rcistauniiiLs, where boilens 
are used, the cooktt and kitchen ^irls tiike general charge of them. 

" There are tnany Hack Bay hoiisen thiit have lK)iler8 run at six or 
seven jM>iinilii pres^sure, and there are iiiiitances wdiere one man or 
janitor hiokj) after half n dozen, 

"It may l>e of interest to know that in Boston last year fifteen 
hundred aiitl fifteen Ixsilem were examined from this ofliee : of the^ 
nine hundi-ed and twenty-three were found to conform to the law 
regarding fusible plug^, four Innidred and ninety-one did not conform, 
and the condition of one hundred and one could not he iiscertained from 
various caUiics." 



Boiler Erplomrm^ St. Marif$ Churchy Fort Wa^e^ Ind.^ 

'* The explosion of the boiler of the heating apparatus in St. Mair'js 
Church, in this city, which occurred on Wednesday, January 13, 
between 12 and 1 t\ M», made a complete wreck, St Man's Church 
was a large and stately etUfice* The boiler was in the cellar, at the 
east end, under that portion of the church where t}»e high altiir U 
situated, and h>cated in a recess built out from the east wall of tiie 
church^ One portion of the force of the explosion apjjai'ently drove up 
through the floor overhead an<l out through the roof of the recessed 
portion, hurling that jKirtion of the roof, which was of tin, over the 
jmrsonage, wdiich is situated close by, east of the church. The other 
p(.irtion tore up the floor of the church, and demolished everything 
within its reach, at4 can l»e easily imagined from one of the boiler heads 
cutting its way in near the front door- The large stained-^lass 
window*!, with their fnimes, were blown into the middle of the street- 

*'So quick and violent wiis the force that many of the window frames 
were 8plit from top to bottom, and the portions having the lugs upon 
tliem, which held them in the walls^ were left in their phu?es ; at the 
same time the massive aide walls wt;re thrown out of line at tJie top, 
and now overhang ai>out two feet from the perpendicular. The large 
windows, sash and all, away up in the l>elfr}' tower, were torn out, 
Tht*rc U a double n>w uf e^thim ns runiung througli the church, which 
api)arentl3' sustained the roof. 

** A H(*hooihotiiisv on the ftouth »idej immetjuitthf mljoininff the church, w 
#i> Hhattf^rcii that it han bfvn abandtmetL The prte^f* reaidence^ on the 
ea^t^ is in the mtme eQudition^ ami teill have to be taken down. Jnfadn 
all iif nthietL 

^* Is it possible that the niLsiiing Ixjiler sheet wiis blown to atoms ? It 
is nowliere to be found. Even if it Wiis a bad one, it held on lon^ 
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eiiougli to create a force iiicire destructive tlma dyntimite, for that i^ 
generally looal in its effects, where^us the boiler explosion was general 
and extended in its aeti{>rL 

'*It is said that the safety valve was weighted to cany thirteen 
jx)unda of steam to the square inch. That would h^ reasonable for ao 
large a churclu But who know^j what the condition of tlie valve itself 
was? Who knows whether it litis ever lifted since it was started last 
fall? 

" jV boiler that will hold together long enough to cause such fearful 
havoc of life and property ought not to l>e blamed if it blew up, nor the 
makers censured. It would lie interesting to know how much pressure 
it sustained before it gsive out. 

" It is safe to say that ignorance the most profound in the use of 
steam had charge of that Ijoiler, and a fearful penalty lias been the 
forfeit;' 

Proper Care of Heatiufj Boilers.^ 

"The newspaper sensation growing out of the fact tliat, on an 
unexpected visit of some reporters and nieni tiers of the Bj-otherhoml of 
Stationary Engineers to the boiler-house of the New York Steam 
Com|>iiriy-^ tliey found the rfapotiMble engineer asleep in bis bedroom 
within the building, and the boilei's in the charge of firemen, is not so 
bad an affair as the liead-lines of our daily [>apei-s would lead the luihlic 
to suppose. There is verj" little doubt that the intelligenee of the 
firemen employed for this service is quite sufticient to aecure the license 
gmnted by the Police Deimi'tnient, if they (the firemen) chose to pay 
the small fee connected tlierewitb- 

"At any nUe, from the chanurter of the i>lant, even assuming the 
grossest carelessness, no c^isualty could occur that would iiijure 
property other than the coinjwvny'a, thougli it might seakl the firemen 
whose own negleet contributed to it. 

^' On the other hand, it h^us come within our knowledge that in a 
eert^iiu chureh that lias lately liad a heatiiig and ventilating appanitus 
jilacccl within it, in which there is a horizontal shell lioiler, nul-Ii Ixulci" 
was burnt by water getting 1oh% tlinnigh the ignorance of the man in 
eliarge, when it was only one week in use. 

** This is a ciuie wJiere the man in charge of a laige shell b<"»iler doe« 
not come within the jurisdiction of the Piilice Department, on account 
of the omission, or at lt;;ist want (jf provision, in lite law under whielt 
the Sanitary Polit^e examine engineers. A tea-kettle or a l><)ilcr will 
come within the law and require a licensed engineer if it lias an engine 
that one might earry under his arm attached to it; hut the New York 
public schools, many of them with as much iis one hundred boraMower 



\, 



■ Sanitary Eriffinetr, Feb. 4, 1S89. 
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in laigtj shell bi>iWi'» in their basemeiitti, are without licensed engiDfeer&, 
aimply In'oiUise thoy have no eugitie attached, and come iiiuler the head 
of htniting ii{)[iiiimtvm. It in abjiit time that i^ome tiling was done i^idi 
regard to wanning and heating aptMinitmi for schools, eburch^^ and 
other large hnildiiigs \\\ which there aiv steam generators capable of 
explostion, 80 that they nuty come within the seoije of the Samtarr 
Com]Miny of the New York Police Dejwirtment," 

Seriotts Accident at Dell Brmefi^» Mutely Ea[flt Bridf/e^ JV" 11* 

*^ A aerion« accident oceun-cd in tlie wtiiting-room of the I>eiaw:art 
& Ilndi^on Canal Com|«uiy, in Dell Ilrown'a Hotel, at Eagle Briflge. 
The hnihling \b heated by steam, and n new heater was put in aboat 
three weeks ago by Fenderson &^ (*o*, oi this city, 

*' A few miiuite8 after 2 !\ M*, the Innler exploded with terrific foitv. 
burling the occupants* of the aiiartmeut in all directions* 

'"The windows urid dooi-H were blown on t, and with them Adam E. 
ReynohUj and Thomiis MuC^ami. The floor wiis torn up. The coaL* 
from the heater wet tire to the woodwork, but the flames wenj ei^tiu- 
gu is) ie«l I )y 1 1 1 e w ate r from t h e e k pi ode d I h * i Ic r. Tl le re j inrt of t Ji e ei pit i- 
wion caused many persons to hasten to the scene, and a aaid night met 
thiiir gaze- Scattered alx)ut the waiting-i'oom in a helpless condition 
were sevend human Ijcingfi, while annther was suffeiing in the parlor, 
which i^ immediately over the waiting*ro<Hn, and still another in the 
barljer shop adjoining* A huly, who proved to be Mrs* G. E< KiHn. 
seemed to In.* the woi-st snflferer* 

" Butb oi her legs were bniken, and she is scalded and injuretl inter- 
nally. Thei'e are gnive doubts c»f her nn^overy- (»* E, Kirhv, h^r 
hui^lMUicI, Is HeH<tnsly injured alxiut the liauk and bijjs, and is bewllj 
scalded. l!c is a cimimercial traveler in the employ of tcdiacconiiti 
Fnvi It* is S 1 1 i c Ids , n f A 1 bi I ny . T] i ey we n^ on their way to s pe nd C !i rist* 
iniLH with friends in Ciuu bridge. Miss Ann Hogan, of West Hehrfni, 
had Iier nose cut ahnost off, ajid slie is otherwi>se injured- 

" Adam E. Reynolds, the station agent, a son of ex-Sheriff E. C 
Hey nolds^ is verj' badly scalded. His left leg is severly cut- He w^ 
fiMUid in the snow al>ont fifteen feet from the bnilding, and near by liim 
Mas t'ornelius AlcCami, the telegraph operator, who hatl a Imd jsealp 
wound, There is a fonr-ineh gasli in the fomhead, and one hand t* 
burned in a shocking mannei-. C. E. Frost, ctmductor of the Rutkml 
(St Wiishington Division, iiad in jmint of service the oldest conductor in 
the employ of the Ilndson & Delaware Company, had one leg injureJ. 
and is severely scalded- lie entered the waiting-ro(mi just as the 
exphision occurred. 

* Cotton Stmttmj ffiratd. Dee. S3, liS8„ 
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" Mrs, Dell lirown, wife of tlie projiiietoi* of tlie hotel, wius iu the 
hotel parlor, She avus luirled against tlie wiill with great force, and siis- 
tftiried serious internal injuries- John DoyU% the hotel b^irljcr, wiis found 
seuiseleas in hii* shop. Me is not Wily liurt. It is believed that the 
explosion was eauiied hy tiie genenition of gaa in the heater, Suit« for 
damages are certain, but the question is whetber the Delaware & 
Hudson Canal ConijKiny or hotel ])roprietor, Dell Brown, shall be made 
t!ie defendant. The east side of the hotel is a total wreck. The fierce- 
ness of tlie explosion was so great that it completely overturned the 
piano in the parlor. Pieces of the boiler were driven into the njof of 
the building, so that they could not be pidled out/' 

Danyero^iM Steam Boiler a in City Schooh* 

*' At a meeting of the Uoard of Education in this city rocenth% the 
Principal of the (tnimmar School No. 2^\ in (Jreenwieh Street, asked 
permission to disniitis his school when tlie boilers for heating it wei-e 
in danger of explosion. Tfte janitor ^ he »aid^ wag absent nuM of the 
tinie^ and in his ahsetice a tlmnken mihiftitute had rharffe of the hoilers, 

"It appeained that the Trustees had investigated the case, and taken 
measures to disci large the janitor, hut tliat, through some mysterious 
agency, the papei's had Ix^eu lost* 

"Evidently tlie re was no question of his unfitness for the position he 
occupied, as the Tnistees liad already passed on his case, and the 
Principal knew the facts, and had fears for his own life and the lives of 
children in his care. TJie question, then, is, Who among the Trustees 
of the committee is resjiousible for this state of affaii"s? 

" But there is no use dealing with an individual case, when, fis a 
matter of fact, every sclioolhouse in the cities of New Yi>rk and 
Brooklyn, in which there in a shell bailer y 1% unmfe when steam is up 
under the present system of management* 

"Under the law, as it stands, heating lioilens are exempted from 
ins[>eetion, nor is it necessary for the person in cluirge of tliem to have 
any qualifications foi the responsibility. Section 310 of chapter 437, 
New York Lfvvvs of 1885, says : ' It shall not lie lawful for any pensons, 
eU'-i to have, use, or operate within the city of New York any steam 
boiler or boilem, except for heating purposes and for railway locomo- 
tives.' The next section says: 'It shall not Im lawful for any pei*sons 
to operate or use any steam boiler to genemte steam, except for hcatimj 
purposes or for locomotives, or act as engineer, without havuig a certi- 
ficate of qualification, etc*, from tlie Sanitary Company of the Police 
Department.'" 

The itjilicized jjortions of the quotations show the defects in our lawi 
on these questions- 

"^^ • Th9 Hanifaru Engineer, March 18^ \W^ 
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*^The clause was inserted to exempt small, low-pressure heating 
ap^mratus in private houses, and so far was obviously a proper meas- 
ure ; but it was never foreseen to what a dangerous extent the pro- 
vision might be construed. 

" Many of our schools have two or three fifty horse-power shell boilers 
in their basements. In many cases these boilers are separated by the 
width or length of the buildings. These boilers carry from five to 
forty pounds of steam, according to the whim of the janitor or as he 
may find it necessary to keep the building warm. His duties are of 
such a nature that he cannot be required to stay by his boilers during 
the hours of school, and consequently he cannot be held accountable 
for his absence from any particular place ; and if he is a drunkard or 
lazy, or absents himself from his duties, there is no means of proving it, 
unless he is followed from morning till night. But it is not his proper 
duty to have charge of the boilers. The sweeping, dusting, and scrub- 
bing of the rooms, with proper attention to the water closets and care 
of the property, are his duty; and an engineer, answerable to the 
principal and the janitor, should be appointed, who shoxdd be required 
to remain in charge of the boilers during the whole time the steam is 
on the buildings. 

" This should be required by the Board of Education even now, during 
the winter or cold season ; but, above all, our laws should be at once 
amended, so as to make it compulsory on all owners of steam boilers 
used for any purposes, except for private house heating and for locomo- 
tives, to employ engineers licensed by the proper local authorities, and 
all boilers whatsoever for making steam, except in private houses and 
for locomotives, should be inspected by the Sanitary Company of the 
Metropolitan Police. 

" In the case of the school referred to, on visiting it, we found two 
shell boilers separated from each other by fully forty feet, and still in 
charge of the janitor's substitute, wh>^ at the time of our visits showed 
the effects of liquor^ and who knew no more about taking care of a 
boiler and making steam than to open the fire door to keep the 
pressure down, the ash-pit door being open at the same time. When 
we pointed out to him what he was doing, he did not seem to have 
intelligence enough to comprehend the import of our exhortation. 

" These same two boilers, although presumably of twenty horse-power 
each, were furnished with but one and one-quarter inch common safety 
valves (not more than one quarter the required area), and the automatic 
regulating dampers were out of order and inoperative." 
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A Remarkable Explotfion of a Steam-heating Soiler.^ 

^' The Worcester Dalit/ Telegram of Oc toiler 5th gave a deUiilticl accoimt 
of an explosion of a patent i>oiler in the house of E. A. Chapin, at 
Chapinvillei where the mills of E, A, Chapin & Co. are located. The 
explosion was loud and terrific and clirii\strous in its effect. There was 
no loss of life, hut the inmates had a very narrow escape. When Mr. 
Chapin had remodeled hia house, he^had it furnished upon an elaborate 
scale, and put in a patent steam-heating boiler with safety attachments 
connected, for the purpose of heating his dwelling. Up to yesterday, 
however, as tlie mill near by was runnitig, steam from the boiler-room 
supplied the house, and consequently the patent boiler in the basement 
was not given a trial. The mill i-ecently shut down^ and, owing to the 
frigid condition of the atniosj)here yesterday, it was deemed advisable 
to 8tai-t tlie fires under the new Ixiiler, 

*' No one in tbe house had a clear idea how the boiler shoidd be 
handled, but at the same time no danger Wii^ apprehended* 

"Shortly after half-past seven o^elock Mr* Chapin went to the base- 
ment and had a rousing fire built under the Ixjiler, and before leaving it 
supposed that everything was in proper shape* After going to a neigh- 
boring house, he returned and invited the hostler to visit the basement, 
that he might Ije given some instructions regarding the care of the 
bt)iler- The two walked scarce twenty-five yards from the door, when 
they were shoc^ked by hearing a loud report, and saw the piazza and the 
fnmt section of the house shattered to pieces. They realized what had 
taken place, and, fearing that the inmates had been killed, and that the 
building had been set on fire^ they summoned all the available help 
possible* 

*^ The building fortunately escaped fire^ while the memljei's of Mr, 
Cha pin's family liad a miraculous escape. Three minutes before the 
explosion took }ilace, membei'S of the family had stood directly over 
the spot wtiere the boiler was locattuL All but Mrs. CIia[jin liad left 
the house- She was at the time standing upon the piazza, where slie 
had a thrilling experience. The first intimation that she had of any- 
thing wrong was when the foundation of the piazza was blown into the 
front yard, and she was well nigh buried beneath the shower of 
splinters and wrecked furniture. She was not senously injui*ed, but 
was given a severe shock, from the effects of which she did not recover 
for some time* 

" An examination of the i>remises showed the wreck to have been 
complete* Scarcely an article in the house e3cai>ed, and the scene was 
a remarkable one. 

• Mtuier Strarrt Fih 
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" The boiler, when it exploded, was shattered into many pieces, which 
were hurled in all directions. The basement, after the explosion, 
looked aij though an express train had been run through it, there being 
hardly any of the woodwork in it tliat was not shattered to splinters, 
while the foundations of the boiler and the cellar were blown down. 
Huge pieces of the flying boiler passed through the sitting-room floor, 
and stripped the carpet off, cariying it to the ceiling above, Avliere it 
was found so firmly imbedded that it required the united " efforts of 
tliree men to pull it down. The i-oom was one mass of broken furni- 
ture and bric-a-bi-ac. Haitlly a single ai*ticle escaped destruction. In 
fact, in eveiy room on the ground floor the work of destruction was 
complete. On the second floor all articles of bric-a-brac, jnctures, etc., 
were destroyed, and a stove, in which tliei*e was a fii*e, was blown 
across the room and wrecked ; and it was only by great pi'omi)tness 
that the building was saved from taking fire. The front of the house 
was almost wholly blown out, and the roof in several places was lifted. 
Every light of glass was broken. 

*' Mr. Chapin cannot correctly estimate his loss. The house cannot be 
repaired for less than $1,500, while the loss of furniture and bric-a-bi-ac 
he believes will reach nearly $7,000, as the articles destroyed took a 
lifetime to collect, and cannot possibly be replaced. The loss is, of 
course, not covered by insurance, as the diimage was not done by 
fire. 

" Just what caused the explosion will probably never be known. Mr. 
Chapin believes that the proper quantity of water was run into the 
boiler before he started the fire ; but, of course, he is not sure. It may 
have been due to the fact that the water run out, or that there was 
some defect with the safety valve; but, whatever the matter, it is 
evident that there was a big head of steam on when the boiler blew up. 
In reply to an inquiry from the Master Steam Fitter^ Mr. Chapin favored 
us with the following letter : — 

" * Chapin viLLK, Mass. 

** * Master Steam Fitter: The boiler that recently exploded, and destroyed the 
inside of my house, was a wrouj(lit-iron tubular boiler, about twelve horse-power, 
made by Wm. Allen & Sons, of Worcester, Mass., known as the Hunchback boiler. 
Have not used the boiler for two years; been kept full of water, and had three 
gauges at time of explosion. 

*' * Ten minutes before the explosion indicator indicated five pounds of steam. 
Safety valve worked all right twenty minutes before exploded. Boiler was put 
in by Braman Dow & Co., Worcester. 

" * Boiler, I think, had been used three years. The valves of radiators in several 
rooms were open for steam to pass round the house. I know that the boiler was 
full of water. 

** * I cannot see why boiler should explode, even if safety valve was tied down, with 
radiator valves open. One thing is sure — it did explode, making a terrible wreck. 

E. A. Chapin.' " 
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BOICERS TN OFFICE AND RESIDENCE BUILDINQS.* 

" The unsuspecting petlestruui, walking the streets of New Ynrk.j is 
walking over ehar*jt'd mittett. It in ]mil«il)ly not an exaggeration to Bay 
tiiat everj' fonnli building on one <if iU large public thoroughfares haa 
A Ixiiler either directly under the sidewalk or just inside the building* 
Ttie ]ieeessities of business and tlie lack of suit^vble sfMvce often make 
it pmctieally iniixtssihle to do otherwise than place these Ix>ilei>i in 
such a pofiitiou ; and though, when tluw placed, they may, indeed, be a 
menace to the public at large and the occupants of tuildings, yet, on 
the other hand, tlie boilers are a nece.ssity, and the question naturally 
arises as to what can l>e done to make them safe. 

'* Municipal inspection of IxjileJ's, as it is ( ordinarily carried out, is a 
mem farce, even where it exists. The insjiection of the boiler ina pr- 
ance comjmnies is more thorough, and affords more security, Init no 
innpertmn will make a bmler %afe from over^preiimtre and nnmnanagernent* 

'* We do not wish to assail the ordinary sliell 1 jo iter, particularly the 
horizontal multitubular variety. All iKnlera holding much water are, 
however, magazines of stored energy^ and require only to be neglected 
or mismanaged to produce a result similar to that at HartfoixL We 
oui'sehes know of a banking-house in New Vork where a new l>oiler 
was burned from neglect or mismanagement a few months after it 
was i>ut in. Had it not Ijeen discovered in time, something similar 
to if not worse than the Hartford disaster would have followed. We 
also know of other build ingy in New York whose boilers, although they 
w^ill l>e pronounced safe by the ordinary inspector, are such that we are 
free to say that we w^ould not take offices over them. 

"' With the advance of civilization and the increasing wants of our 
people, boilers are being multiplied to an enormous extent; and such 
multiplication must necessarily increase tlie number of explosions and 
casualties unless additional care is taken in the construction, inspec- 
tion, and management of boilers. We do not wish to ap})ear to 
advocate any special type of boilers ; Ijut, in view of tlie al)Ove facts and 
dangers which they indicate, we think it is about time that some legis- 
lative action was taken to prevent the use of shell Wiilers witliin the 
walls of a building occupied either as a redideiice, an office building, 
or a hotel. 

'* Water-tul>e or other sectional Ixvilers, whatever other disadvantages 
they may have, have this in their favi>r, that with them a geneitil explo- 
sion can liardly tiike place. They may i^ujiture a header or bui^st a tube, 
and ]jerha{js kill or scald a fireman, should he \m very near at the time ; 
but the destruction of a buihling would l)e practically imptJ6sibie by 
any accident that is likely to befall them/' 

* Sftnitary KiVjine^r and Jinifdifiy J?*r??rrJ, Mart h 2, Ifws. 
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A writer in the London Mechanicts' Mcu/azine says : " It is not too 
much to say that nine out of ten explosions are directly the result of 
corrosion. Setting aside the value of human life and limb, we find 
that the mere pecuniary interests involved in either the gradual or 
sudden destruction of a boiler are very considerable. 

*' Repairs are at all times expensive, and the time lost in making 
them id often a source of pecuniary loss, worry, and trouble. Hence 
the replacement of a plate, or the alteration of a defective flue, is often 
staved off from day to day, until irreparable mischief is done. 

** Reflecting on these things, it seems strange that boilers are made, 
fired, and worked with negligence, which apparently regards iron plates 
as indestructible, and the results of an explosion trifling to a degree. 

" We cannot set such a system, or rather such a want of system, 
down wholly to stupidity or neglect. 

" We know tliat boilers in the best hands, and under the most careful 
management, often become worthless with staitling rapidity, which no 
amount of theoretical reasoning will account for, nor practical skill 
arrest or delay. 

" The utter uncertainty in which the engineer is doomed to live, as to 
what does or does not promote durability, leads naturally to reckless- 
ness, neither the result of the want of thought nor of indolence. 

"Corrosion is too often regarded in the light of fate — a destroyer, 
merciless and indiscriminate, before whicli, as a, fetish^ the manufacturer 
and the ship owner bow down and submit." 

BOILER EXPLOSIONS IN ENGLAND IN 1886. 

The Annual Report of Mr. Henry Hiller, Chief Engineer of the National Boiler 
Insurance Company, Manchester, £ng., is at hand, and from it we extract the follow- 
ing relating to boiler explosions in the United Kingdom during the past year: — 

There were reported during the past year 82 actual explosions of steam boilers, 
causing the death of 30 persons and severe injury to 57 others. In 1885 36 explosions 
caused the death of 30 persons and injury to 57 — exactly the same number as the 
past year. In the five years ending Dec. 31, 1870, there were 282 explosions, causing 
358 deaths, or an average per annum of 56.4 explosions and 71.6 deaths; against an 
average per annum for a similar period ending Dec. 31, 1885, of 37 explosions and 80 
deaths — a decrease, compared with the above, of 34.4 per cent in the number of 
explosions and 58.1 per cent in the number of deaths. 

Mr. Hiller justly observes that this reduction is doubtless due in a great measure 
to the efficient service rendered by the boiler insurance companies, and adds that 
the average could be much further reduced if the advice given by the inspectors were 
always heeded by the owners of the boilers. 

Of the 32 explosions reported, the largest number, 19, occurred from defective 
condition of the boilers; 5 arose from mistake, negligence, or mismanagement; 5 
from defects due to mal-construction or original weakncvss; and :J from other causes. 
Tlie explosions of vertical boilers with internal fire boxes head the list, being 8, or 
one fourth of the total of the year. 
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If a l)oiler iiLsmimce i»*ii»eL^toj' oi^ iiisiimnce eomjwiiiy coukl prei*crilie 
the daily hiiTuUing niul enre of thinv Jx^ilei>i^ then the risks iniglit Ije 
leHHeiied, if not elimiuutecK Hut thii* does Jiot seem pojtt^iljle. The 
owner not Ixriiig a intuticiil mnu sees none nf the real and vital reqiiire- 
metits, Hinl, if he tU(L is t^ontintuilly diverted from them by coiiwideni- 
tions of fii-at cost, and his weekly bills. 

Cheap help is to him a name for ecoiiomi'^lie does not stop to con- 
sider how mnoh nmy he lost at his fuel pile fnun ini[K.'rfeL't cnnibiKstion, 
or at the steam pipe by imperfectly set engine valves, or the undue fric- 
tion of moving and ini})erfectly lubricated machinery. 

No insurance policies can give a safe lx>iler construction, or employ 
competent men to run and care for tbeni» 

• Explanation of Boiler Explosions. Would we know wh^ hoUevB 
exphjde? Peter lias UM m* all abnut it. 

" There are tw*o kinds of steam in the boiler when it is at work ; 
viz., engine driving steam, which is one-thiid water, and exph>sive steam* 

*' Explosive steam may be of a variety of colors — blue, red, mottled, 

and, in fact, anything else alniastj it all depends on the color of the end of 

one's nose how he looks at it. It is also liable to get dry and ^gi'ippy' 

— whatever that is. As long aa you can keep the two different kinds 

of steam well mixed, there is no danger of an explosion, no chance for 

the red, white, and blue explosive steam to get 'grippyf but just let 

them get sepaiuted^ let the explosive steam get into a layer by itself 

down next to the water, where hot spray can 'spatter' up into it, and 

off she goes I Just exactly two thousiind pounds to the square inch 

will be generated under these eircumst^uices every time, and don't you 

forget it, for Peter saj>5 so; and be luis run a boiler this way two yeai^, 

and it didn't explode either, and he run it all the time with low^ water, 

and you can't explode a boiler unless it has low water; they only l>ni^t 

when they have water enough in them, and he has examined seven 

thousand four hundred and eighty-fou]' cases, and only one bui>!t, nnd 

til at bad on one hundred and seventy pounds ; and you needn't l»low 

up then if you '11 keep blowing off; a boiler will explode jitst as quick 

with ten pounds as it will with tluee hundred and fifty pounds, an<l 

ever)' l>oiler explosion is just the same way* This is what Peter 

says, and is a fair sample of what m.iy he heartl in many of the lw>iler- 

rooms where Peteri^ and the shell Innler are in service together. 

**Tlie ei plosion "which proliably caiisetl the greatest Inas of Hfe on record occurred 
on tlie Mmissippi niver near Meni])hia, Tenn., on the 26tli of Apnl, 1S(1.\ Tho 
fttaamer Suttan^ was on her way up the river with about two thousjand twi* hundred 
people on btiard, mostly Union Huldiorfi just libeiiitcd from Southern pH^ou^. Wirt n 
near Memphis htr lK>iler exploded, destroy in|i tlie hoatn and 'mi." I^j^mgl^ieven 
hundred lives were lost. Many were instantly killed and the l^therf^ i 
two weak, from their experience in prip^iH].-^ of the Souths i*' 
thenj Helves.^* 
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•PREVENTION OF BOILER EXPLOSIONS. 

''The recent steam-boiler explosion warns us again, in tones not soon to be for- 
gotten, that greater security to life and property in the use of steam has become a 
paramount necessity; and, leaving out all other considerations, the subject demands 
the earnest attention of every one who values his own personal safety. The public 
will be again told that ignorance and want of experience, reckless if not wilful 
neglect of the most obvious precautions, material and workmanship of bad quality, 
low water, over-pressure, explosive gases, electricity, or some other thing has been 
the cause of this terrible calamity. 

*' But it must not be overlooked that steam-boiler explosions, largely destructive 
to life and property, have occurred more than once in the largest, most experienced, 
and most carefully managed engineering and manufacturing establishments in the 
city. 

" And it must also be borne in mind that it is quite impossible to procure boiler 
plates of wrought iron invariably reliable, or that will remain so, no matter how 
much care is bestowed on their manufacture and inspection. It is also equally 
certain that the best material ever put together, with the very best workmanship, 
under the present system, may and does frequently share the fate of the most 
inferior. Thus, whether these much-used appliances are made as near perfection as 
may be, directed by intelligent and skillful management, or the reverse, the end is 
too often the same. Under such a condition of things it is not worth while to waste 
time in theorizing as to questionable causes. It is with the disastrous results and 
their possible remedies that wise men should deal. 

'* Steam boilers can be no more made absolutely secure against some kind of 
explosion and fracture than guns or ordnance. But they should be and can be made 
so that no serious harm may arise when they do give way. To accomplish this most 
important end, the prevailing system has been found, after a century of trial, entirely 
at fault, and improvements must be looked for in its abandonment. 

" Councils, if they have the power, or, if they have not, then the State Legislature, 
in their effort to enforce stringent laws for the inspection of boilers of the kind that 
are known to be liable to disastrous explosions, should try the experiment of an 
ordinance or law that no boilers, after a certain date, shall be erected within our 
city limits, unless a certificate is first obtained from competent inspectors tliat au 
explosion of said boiler would not be dangerous. There is no full security in any 
direction, pass what law you will, make what inspection you may. 

'* The time is not far distant when the present system must come to an end, unless 
it can be proved beyond all doubt that no change for the better is possible. The 
public safety now demands that these engines of destruction shall no longer be kept 
hidden from sight in the basements of our most densely peopled neighborhoods, or 
in our crowded workshops, and even under the busy footways over which we uncon- 
sciously tread, always ready for havoc, and only perhaps temporarily held from 
repeating the horrors of last Thursday by a constantly weakening chain, the real 
strength of which is seldom if ever known. 

'* If these destructive engines were new things, and it was now first proposed to 
place hundreds of them in our crowded thoroughfares and under our pavements, 
who would listen to such a proposition? It would not be entertained for a moment. 
Neither should the system itself, although it is well established, be tolerated a day 
beyond the time when it can be dispensed with. 

" It is beyond controversy or doubt that the fracture of steam-genei*ating appara- 
tus can and may occur under any system of construction. No amount of official 
inspection or special cai*e can entirely prevent this; and it must be set down as an 
imperative law, if safety is to be secured, ' thai all boilers should be so constructed that 
their explosions should not be dangerous,^ " 

,|^ • Joseph Harrison, 1867. yjf. 
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111 the matter of boiler hiEJuniuce and inspection, the writer, wlille 
appi'oving and urging inaumnce and inapectinn in txphsivt and ^hell 
boilers, desires to call the attention of these eonipaniea and engineer's 
til the hydrosutic or cold-water test, and to tlie probability that great 
liarni may be done in an iigudmou^ appiieation of the provluif pump,- 

While the water test applied to a shell l>oiler at one hundred or one 
li and red and twentj*five pounds press nre \i^ill generally develop any 
fiuiall leaks or weakness at tJie seams, rivets, <>r tnl>e ends, it really ef>n- 
veys no other information, or demonstrates that a lx>iler ia tit to carry 
as much steam pressnre. 

Many engineers who have given the pump test careful consideration 
are of the opinion that it ih of doubtfnl utility, and liable to stn^in and 
injure a boiler, while apparently looking for its weaknesii. 

The writer onee nearly paid tlie penalty of his life by trusting to a 
]>unip t^^.st of a piece of cast-l)oiIer construction. 

The casting was suU-^tantially 24 x 30 x 6 inches, and strengthened, in 
the usual way, by Btiiys between tlie two flat sides. There w^as alMUit 
six inches space, as is seen in the construction of the locomotive fire 
box. As this was iutendetl for a w^ater back to a |Hiwer, sectional. 
Mills boiler, it was proved under the pump to mit kimtlred and twenty 
pound M^ lint afterwards exploded at elf/htt/'five pounds steam pressure. 
Tlie accident hijnred three men, but all i-ecovered- 

Examination by an ex fieri developed the fact, that most of the in- 
ternal stiiys had been broken, torn from the sides by the forcing |>unip 
— the proof being that the ends of the stiiys were black and rusted, 
$Jwwhit/ rupture before the eTphnon^ the final breakage ^how ing bright, 
and a pro|>er thickness of the iron. 

As far aw sectional boilers are concerned, there seems to be no special 
advantage in outside insjiection, or to enact the farce of insuring a 
boiler against explosion that is practically non-exph>sive, and where 
none of the conditions are present t^i meet which the insurance com- 
jmuies are organized, and for which they tiiiin their men to search* 

For insUince, there is no shell to pum[j up, to pj-ol>e and rap with a 
Iiamjuer, or on wliich to deposit the sediment of long evajKimtiou. 
There are neither heads to hold in place with stays, nor rivets on which 
both the stiys and 1 leads dejiend ; w bile the tnl>es, the only other part 
that tlie average l>oilcr ins|)cctor would ix'cognize, are no longer in tlie 
condition he h.i8 lieen accustometl to iind them ; and, when he comes 
al)out a boiler of this kind. Ins inspection is necessarily limited to the 
location and gencml sun o mi dings. Most of the fittings are also out of 
the range of his genenil expt*rience ; and, if he attempts to apply to them 
his regular list of speclid instrnctiotui^ the msult U not likely to l>e 
beneficial either to the boiler insimctetl at < a Wty that laiyn for it. 
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As applied to castrinetal construction, and those mainly employed for 
the distribution of heat, there seems less reason or use for a line of 
inspection and test prescribed for other constructions and conditions. 

In heating apparatus of either the steam or water variety, great 
tensile strength is not primarily sought, neither demanded; the low- 
pressure steam boiler is generally operated under fifteen pounds gauge 
pressure, while the hotrwater circulations do not often exceed this 
pressure unless the height of the building requires a higher water 
column to serve the upper stories. 

It is clearly for the interest of insurance companies to have built, 
equipped, and sold machines which afford them a living, as, if these 
shells were not explosive, their occupations would be gone. So, by the 
testimony and influence of the seemingly disinterested class of engineers, 

— men who for years have been educated in the details of this construc- 
tion, — if this form and type of boiler were abolished, their occupation 
would be gone, and they would have to learn a new trade. 

Thus we see briefly what are the bonds that bind this unruly demon 
to the back of unsuspecting and suffering humanity. 

While intending to say nothing to weaken or disparage the effort of 
inspectors and insurance of the wrought-iron or steel shell boilers^ it may 
be well, and in the interest of both parties — the owner and the insurer 

— to ask l)oth a simple question : Against what do inspection and insur- 
ance really insure ? Against the final catastrophe of explosion ? Oh, 
no ! It only reduces the chances of it, and provides a money indemnity 
for the victims. 

It does not abolish explosions of shell boilers any more than life 
insurance abolishes death. And the singxdar reflection comes home to 
the thinking mortal, that he must first die to secure a policy on his life, 
and go through '' sheol " to get one on an exploded boiler. 

What satisfaction was it to the proprietor of the Park Central Hotel that 
"the boiler was insured, and that the certificate hung in the engine room?" 

One other view of this matter may not be passed over hei*e, although 
it will be treated more fully in its regular order ; that is. 

Safety in the heating boiler is determined fully as much by the method^ 
as by the machines employed, 

A tvater medium for absorbing and circulating the heat dispenses with 
the steam altogether^ and with the danger and complications attending its 
generation and use. 

But here, again, the same general reasons prevail for using steam as 
a heating agent as we have seen brought to bear on the production and 
use of the steam boiler — so many more people make the steam boiler, 
and 80 many more undei-sUind no other method of generating and 
circulating heat. 
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SOME IMPROVED WROUGHT-IRON BOILERS. 

Since the great majority of Imileii* are of the shell jmd tubular 
Yariety, and as thcHe in s^oine form will continue to \m uisetl Ijoth for 
|K)wer and heating pur|>oses, we will glance briefly at a few exanii>leH 
of improved coui^truetion^ whleli have^ hi/ a departure from the common 
and older formgy setmred a further detjfree of emnomj/ and safety. 

The i-eferenee and approval of these wrought-iron boilers shown are 
for two reasons: Firat, to neutralize seemingly undue critieisnis of 
wTought-iron and shell boilers as a chxs« ; and see^md becaiint* in theae 
b(^iter» are elements of safet^^ tcononiy^ and tffichncy not found in com* 
mon constructions. 

From nothing tloea the tubular Ixiiler suffer more Uian from the 
settuigi and the unequal exjmnsion piNiduced by the unequal heat* 

If the heat reached all paits of the l>oiler alike, it would wear alike, 
the shell lasting a*( long Jis the tubes* 'I'hat this is not so, is yhown iu 
the shell giving out first, a set of tubes often enduring to do duty in two 
l)oiler3* It is the lower plate of the diell that suflEers the most and that 
gives out first. 

As we i*emarked, tliis is largely due to the setting; since the 
common return tubular nmy l>e so set iis to reverse the old-time and 
poor application of the heut< The direction in which tlie fire is applied 
and in whii:h the heat leaves the absorbing surfaces has everything to 
do with the economy secured. 

It Wivs a coiisidemtion of such facts which led to the invention and 
constrnctioji of the Lowe Ixnler, where the fire and giuses, l>efore l>ecum- 
ing cooled and expanded, entered the tuhe« firat^ titnl returned undfr 
the »hM hitt. This is working the heat iu the right direction, and 
should certainly result in economy and dry steam. 

1st. In the Lowe Innler may be seen a ulear comprehension and 
working out of safety Ldcments, a gnite sni-faee, fire, and cf)nibustiou 
chamber^ that cannot l>ut ^ield valuable and economical residu. 

2d. The revei-sal of the common pmctice of firing under the shell 
and up through the tul)cs by firing thningli tho tulM.^s, and doitfttvardM 
under the nhell^ discharging the giises at that i>oiiit» or up and around 
the steam drum iis sliown in the cut at D. L, F. 

3d. The recognition and provision for a se[)arate steam and stora^^e 
chaml>er, and, wlien desired, a cori'ef^pijntling feed and nnul drum, below 
the boiler^ on which the spent and lowered giises tlo use fid work* 

These three flistinctive and valuable features sliouhl alone be* atl P^ ~ 
-. cient to challenge the attention and approval of all practical engineer 

h^ 
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As before remarked, we Iwlieve that in this entirely simple collst^l^ 
tiDn^ — mthur recomtmction of the setting of the uToaght-iron retuni 
tuhuW holler — are embodied more valuable features than in any 
kn<jwn to tlie writ-er. 

Tliiit this ap[jlicatiDn and run of the fire, fli«t through the tubes 
and 11 mil r the shell, b* attnieting the attentioQ of engineers, is seen in 
wluil is cidled the Electric Furnace. (St, Loui^, Mo,) 

FIGURE No. a 

Lowe Boiler/ 




In the cut we see the regular fire chamber at A extending l«ick only 
the Ufliial length to grates. The combustion ehaml^er pnjjier is in the 

front end of the wliell at CC^ the product** of combustion entering frum 
l>elovv at oriiiee It \ while either hot or cold air to mix with the gases 
may l)e admitted through the perforated plates and regis^ters seen in 
front; tlie gjy*e8, then properly supplied M^ith oxygen, enter the tub«t 
and, on tlietr exit at the rear end, ptUB dinvnivard and under the shiU^ «i 
»homu findhv^ fxU all), 

Tii:it theix^ are virtue and economy in a forced over a chiBuify 
dmught is clear; also that a blower sending hot air to the a^shpitand 
the combustion chiimljer of the Lowe Uiiler would produce surprisjng 
reHulls; while the whole change of construction and the mixini: 
of the furnace gas in proj>er combustion chanil)ers is only C4im'in*j 
nut the princi[)le laid dmvn by clieniisti* and scientific engineers* and 
illtmtruted in the diagnima of combustion, Part L, pages 70 to &0; ^ 
chapter on furnace construction, pages^ 9^i to lOtJ. The subject of the 
draujfht l>eing all imperative, the testimony of practical engineen** witli 
the detiiils of exj>eriment, is admitted as proof of the opinion offered, 
and as showing tliat liere is one of the economies often overlooked or 
credited to other conditions. See *' Iloadley Experiments/' page 206. 
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•Bridgeport (Conn.) Boiler WomKs, Wm. Lowe, Pbopribtoe. 
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THE NEW ** ECONOMIZER." PORTABLE BOILER.* 
This horizontal boiler of the locomotive fire-box type has several val- 
uable features readily distinguished by engineers; but we may point 
them out briefly, seeing that this class of boilers is still a favorite with 
some heating firms, even when armnging for a water circulation. 

The single centi-al tube throws light on the common but fallacious 
idea that the fitting of the whole tube sheet of horizontal boilers with 
tubes of small diameter is an essential element of power and efficiency ; 
the proportion of tube area Section iJmmgh ^^' three-inch tubes, say 

C3 



to the gi*ate is by far the 
l>est factor. In Uiis ciise 
tlie |)nv|x)rtions are, say, 
gnite, 900 square inolie^; 
exit flue, loO inches, or 
about one aixth of the 
grate area. 

In common horizontal 
Innlers having the same 
grate firea, it is ctJinmon 
to «f^t^ Un- steam and for 
^vat-er nin-ulatif^n thirty 
to forty two and oue-htilf 




'Water LiTiE 



U Tiilio 




200 inches of tul>e area, 
01" une quarter ninre area 
than the furnace gti^e.s will 

fill wlien under strong 
dnmght ; nnd when un- 
der moderate draught, nO 
|xn' cent more exit than 
tlie gsLsen require to dn 
the iv 1 lest wo rk . P r ohahly 
ouL* qiini'ttT of the tulles 
in lifiiiz(?ntal lx)ileix art* 
a dead loss to all except 
tlie inaunfiiuturer, who 
gets pa it I for this extni 
material, and on whii^h the 
lioj-se-iiowcr of thelMalcr 
is erroneou.sly made up. 



Sectim ihtm^h C, D Tig. 




Large Fir & Tulif 



IjuL TIic rotistructinTi af a fite-linx 
aiul ronilniation cliairiber hi lljf^ best 
ptiKsibk- niimnfrfdi- the fvi^t? Jictiuii of 
the. 8 Um m o r w at t> r j i vo u n d 1 1 ri 3 vital 
pavt^ wbilt] tbe oxteiisinii cif Use till c» 
a^fl tbii I'aiain;! of the wtiU't liiit* over 
tliu crown sheet iiisiams cJllrimcy of 
Virot\i.,Uln\s'{0'fj/fftim ill '.ffr^cit' y iii^r, 

a trouble common in this class oj boiUrs. 
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2d. Passing the products of combustion out of the fire chamber by a single larfre 
tube, instead of through many small ones, is another good construction to which 
may be referred much of the economy obtained. 

* The new Economizer Boiler, S. L. Holt & Co., Agents, No. 67 Sudbury Street, Boston, Mass. 
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* The Shapley, another i-epresentative boiler, is also given room and 
illustration, since of the regular veitical class of shell boilers but little 
good has been said or carried to their credit, owing, doubtless, to the 
difficulty of securing a change of unfavomble conditions of tubes and 
flues and steam surfaces. 

Wrought-iron vertical boilei-s usually are wasteful of fuel, because of 
the conditions already stated. Those of the regular wrought-iron 
vertical tubes, discharging the products of combustion from a smoke 
bonnet at the top^ will not evaporate more than two thirds of the water 
from the same amount of coal as the horizontal return tubular. 

»Tlll-: TMOELOW CO«TANV, Nkw IIavek, Cokn. 



Figure 11. 



F[GURE 12. 




Brielly, the advantages of tiiis boiler are: Its large, roomy combustion chamber, 
and downwanU escape of the products of combustion, by whicli a greater economy of 
fuel is secured. I do not know if any evaporative tests have oeen made of the 
Shapley boiler, but I will venture that here will be found the highest duty obtainable 
from any boiler of wrought-iron vertical construction. 

The large steam dome, submerged tube sheet, and efficient water surfaces render it 
the admiration of mechanics and engineers. 
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RECAPITULATION AND COROLLARY. 

All steam boilers may be nipturetl if not exploded (a) by faulty con- 
struction i (b) by imperfect care and bad management. 

But all steam boflers may be so cunstklcted that THEirt 

EXPLOSHINS AND RUPTl KES, FROM WHATEVER CAUSE, SHALL NOT 
BE DAKGEKOUS TO HUMAN LIFE. 

The shell of wrought-iroii and steel b<iilei's is the dangerous feature, 
as in tliem is stored the quantity of force which, released by rupture of 
the weakest jmrt, carries tlest ruction in every direction. A barrel of 
gunpowder in bulk might do an equal damage; but, Buhdhnded into 
small parcels, may be exploded for our amusement, as ia Chinese fire 
crackers and other 4t]i of July entertainnientiJ. 

Stetiiyual boilers are safe from disastrouf explosion because the water 
and steam under pressure are subdivided into small compart m€ fits of great 
strength* The rupture of one of them releases the pressure^ without eX' 
ploding the others* The breakage can be repaired at small expense. 

Security^ then^ against suddert and disastrous rttpture ca7i oftlg he found 
hg dispensing with the large shell and arrangiuij the tubes to do the work* 

This has been found entirely practicable, and ia exemplified in what 
we know to-day as the sectional or safety boiler, a large numl.)er of 
which are manufactured, and employed in every variety of work. 

Steam-boiler inspection by insuriince companies lessens the chances 
of accident, explosion, and death from unsafe boilei's, but it can only 
mitigate an evil inherent in the eonstruvtion and mismanagement all such 
boilers are liable to. 

Faulty construction, materials, and bad treatment being the rule 
rather than the exception, safety may be only loc^ked for in a sectional 
construction, where explasion is practically impoijisible. 

J^ gou have a shell boiler^ insure it by all means ; but don^t expect too 
much of the company* s inspectors^ or that sweh inspection and insurance 
will relieve you from doing all in gour power to second their efforts, 

1st- By employing only competent and reliable men as engineers and 
firemen, who will temperate ivith the inspcftors and yourself in securing 
safety and economy in this difficult and hazardous octnipatton, 

2d. Dont object to pay the policy or tax for the inspection or a fair 
and even liberal compensatirju to men who are worthy of such jyosition^j^ 
trust and responsibility. The engineer is worthy of his hire. 
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SUMMABY OF BOILEB EXPLOSIONS FOB THE YeAB 1887.* 

** Our usual summary and classified list of boiler explosions is given below. The 
total number of explosions, so far as we have been enabled to learn, was 108. In many 
oases more than one boiler exploded, but it is reported as one explosion. 

" The number of persons instantly killed, or so badly injured that they died within a 
very short time after the accident, was 264 ; the number injured, many of whom were 
stated by the reports to be fatally injured, was 388, or a grand total of 052 persons 
killed and badly hurt This is a showing of which the people of the country at large 
are not, in all probability, at all proud. The figures in detail are given in the accom- 
panying table. 

** The explosions of the past year do not appear to have been more than usually 
destructive, or to have killed or injured more than the usual number of people. The 
whule number reported killed foots up 264, against 254 in 1886, while the injured are 
888 compared with 314 the previous year, the increase being in about the same ratio 
that the number of explosions reported have increased. 

Classified List of Boiler Explosions in the Teab 1887. 



Class of Boilkb. 


4 


i 


1 


1 
< 


i 


i 

a 




1 


f 


1 


1 


1 


Total 
Class. 


1. Saw.millB and other Wood-work- 

ing eMtablishmeDts 

2. Locomotives 

3. Steamships, Tugs, and other steam 

vessels 

4. Portable Boilers, Hoisters, and 

Agricultural Engines 

5. Mines, OU Wells, ColUeries . . 

6. Paper Mills, Bleaoheries, Digest- 
ers, etc 

7. Rolling Mills and Iron Works 

8. Distilleries, Breweries, Dye-works, 

Sugar Houses, etc 

9. Flour Mills and Grain Elevators . 

10. Textile Manufactories . 

11. Miscellaneous 


7 
1 

2 

2 
3 

2 
3 

1 
2 

3 


4 

2 

3 

1 
1 

1 

12 
6 
17 


6 

1 

1 

8 

7 

23 


6 
2 

i 

1 
1 

1 
2 

3 

17 
14 
43 


8 
2 

3 

18 
25 
39 


6 

1 

3 
2 

1 

1 

14 
15 
41 


2 

1 

6 

1 

i 

2 

2 

14 
15 
20 


3 

10 
19 


5 
1 

1 
1 

i 

1 
1 

3 

14 
11 
19 


9 

1 

4 
1 

2 

i 

3 

21 
71 
65 


13 
2 

3 

2 
2 

6 

28 
40 
53 


4 
2 

1 

2 

1 

2 

4 

16 
26 
18 


14 

? 

27 
108 


Total per month, 

Persons kUled. total, 264 

652 
Persons injured, total, 388 


26 
27 
.31 



" Nearly 37 per cent of the whole number of explosions were, as usual, fur- 
nished by the lively saw-mill boiler. Portable boilers, hoisters, agricultural boilers, 
come next, but their number was but little more than one fourth of those occurring 
in saw-mills. Rolling-mills cohie next with fifteen, while locorootiyes and steam 
vessels are tied for fourth place. The other classes furnish about the usual number 
of explosions. 

t " During the six years ending Jan. 1, 1886, there were 992 boiler explosions in this 
country, by which more than 1,600 persons were killedy and many more ir^ttred, A large 
amount qf property was destroyed and damaged, besides the loss resulting from delays in 
rebuilding and replacing boilers and machinery destroyed or rendered useless. These 
figures are taken from a record which has been kept for many years in the office (^ the 
company with which I am connected. They are gathered through our agents in all parts 
qf the country, also from the daily papers.** 




• Locomotivs, February, 1888. 



t J. M. Allen, in Locomotive, September, 1888. 
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FOR SHELL BOILERS, KILLED AND MAIMEO, 136. 



i :j- for sectional boilers, 0.-£I 
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#N this broad subject, tlie sectional and safety versus the shell and 
explosive lx)ilei's, it seems desirable to make a division into two 
classes — those designed for the production of high pressure, 
steam, or power, and those not aiming at this directly, but 
intended for the generation of steam at a lower pressure, or the absorb- 
ing of heat into a water medium for pui-poses of distribution. 

It will be noticed that at the beginning of this subject we divided the 
boilei-s into three classes — safety boilers, steam generators, and heaters; 
it may now be jJain that there should have been a fourth class, the 
" unsafe boilei-s." 

The distinction between '.' safety boilers " and steam generators may 
not be clearly apparent unless we draw the line between certain forms 
of safety construction primarily designed to furnish steam of high 
pressure for power purposes, and certain other constructions, generally 
of cast metal. These last, while being amply strong and reliable for 
high pressure, are not i)ut upon the market with that view, but rather 
to carrj' the lower pressure required in warming operations. 

Of the safety boilers, we must be contented with a review and illus- 
tration of one from each distinctive class, intending, as usual, that they 
shall Ije the best examples, and cover the principles sought in others of 
like merit. 

The most prominent and successful of these are the Abendroth 
& Root, the Babcock & Wilcox, and the Heine Boiler, the latter 
being employed by the Boston Heating Company for their water circu- 
lation, and to carry pressure of one hundred and fifty to two hundred 
pounds to the square inch. 

There is not a great difference in the principle and construction of 
inclined tube safety boilei-s, Jind a single illustration will suffice. The cut 
on page 247 shoNvs the Abendroth & Root construction, with the im- 
proved mechanical Brightmayi furnace^ all this class of inclined tubular 
boilers being admirably adapted to this construction of grate, requiring 
elevation at the front end and a roomy combustion chamber. 
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The latest work on boiler subjects is "Thurston's Manual" (J. Wiley, 
New York, 1888), a clear, comprehensive, and practical treatise of 
some 400 pages, and from which we quote pages 7, 38, 148, and 314 — 
the author having in mind and referring mainly to wrought and steel 
tube construction of sectional boilers, as exemplified in the Root, 
Babcock & Wilcox, and other inclined tube construction. 

Thurston bsljb: '* Special purposes produce the modem types of boilers. Thus, 
a desire to secure maximum efficiency produced the tubular boilers, and a desire 
to Becure safety the so-called ' aectionaX boiler 9 J A9 early as 1793 Harlow invented 
and, with FuUon, veed the *water^ube* boiler, in which the water circulates through 
the tubes instead of around them, as in * fire-tube ' boilers. This was the pioneer 
of a great many boilers of this class. 

" John Stevens, a distinguished statesman as well as an engineer, in the early part 
of the nineteenth century ( 1S04), devised another example of this class. The in- 
ventor says in his specifications: ' The principle of this invention consists in form- 
ing a boiler by means of a combination of small vessels instead of using, as in the 
common mode, one large one — the relative strength of the materials of which these 
boilers are composed increasing in proportion to the diminution in capacity.' 

" ^^^e relative strength qf shell and sectional boilers, and consequently, in large de- 
gree, their relative safety ' is measured by the relative magnitude of their largest 
parts.*'' 

As remarked by John Stevens the inventor (1SQ4), the sectional boiler, with its 
smaller members and subdivided steam and water chambers, is safe in proportion as 
the sizes of the latter are diminished ; while the large shell of the common forms of 
boiler are liable to dangerous rupture in proportion as their diameters are increased. 
The strengths of cylindrical reservoirs subjected to internal pressure, as are shells* 
steam drums, and mud drums of shell boilers, and the tubes and steam reservoirs of 
sectional boilers, are subject to laws so simple, and are computed by methods of 
such easy application, that there never need be any doubt in regard to the margin 
of safety existing in either case when new. Flues and old boiler shells are lesB 
amenable to ccUculation, and are thus more unsafe. Water tubular boilers are eompara- 
lively scfe under all conditions qf ordinary operation, and, when compared with any 
other type of steam generator, are vastly safer » 

Page 314. '* Shell and sectional boilers, compared in other respects than in refer- 
ence to safety, in which attributes the latter are specially constructed to excel, 
are found, when equally well designed and constructed, and equally well managed, 
to stand on substantially the same level. 

** The two types of boiler in most common use are the water-tube section<U and 
the cylindrical fire-tube (shell) boiler. 

^* The foimer of these two classes has the grand advantage of safety against disrup- 
tive, disastrous explosions, has equally good or better circulaiion and general ^ciency, 
less weight and volume for equal powers, and greater reliability in its details of struct- 
ure. It is rapidly coming into favor among engineers and into use as well. 

** Tlie author would often use the shell boiler, where commercial reasons would 
dictate such use, suid, wherever practicable, would select the externaUy fired, 
cylindrical fire-tube boiler; but would never place a shell boiler under a building in 
which its explosion would endanger life or property. The safety class of boilers would 
be the only kind found to be wisely adopted in such locations. Shell boilers should usually 
be placed in detached boiler-houses, and so set, as to position, that danger shall be made 
1^ a minimum.'* 
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No plainer or more impartial statement of actual conclitions and do 
clearer deductions have been placed on record by any competent 
writers, certainly not by any disinterested engineer. The fact of such 
reviews and expreasioiua.of conviction from an engineer, educated under 
the old and accepted order of sliell boilers^ is a point to be noted as 
marking a growing change of sentiment, both as regards those who liave 
labored to introduce sectional boilers in the past^ and cerUunly as 
favoring the improved and more perfect steam generators of the 
present. 

THE ROOT SECTIONAL STEEL WATER-TUBE BOILERS-« 

The essential features to whicli thi^s Iwiler owes its entire safety from 
explosion are the small diameters of its parts, or, in other words^ the 
subdivision of the water and steam into small compartments; and it 
needs no argument to show the superiority^ in point of strength, of 
small over large diameters. 

It is a well-known practical fact that Ijoiler tuh€% do not explode, as is 
the case in the shells of boilers; but that excessive pressure (many 
times greater than a shell will bear) merely causes a rupture of gi'eater 
or less extent, and thus relieves the pressure without serious damage - 

Each of these tubes, containing but a small amount of water or steam^ 
might be ruptured witliout serious results, thus relieving the boiler and 
preventing disaster* 

The first fono of boilers, the plain cylinder^ being veiy uneconomical 
in fuel, and occupying the greatest space per horae-power, has l>een, in a 
measure, superseded by the flue boiler, and this, still unecononiicai, by 
the fuhular hoiler^ in its many varieties » The use of tuben without the 
shell greatly reduces the space occupied, and, by subdividing the water 
and intrwlucing a large amount of heating surface comi)osed of thin 
iron tubes, accomplishes another very valuable result, economy uf fueh 

It is this shell, containing the whole volume of the water and steam^ 
tliat always, or nearly always, exj>lodes, and usually results in fearful 
havoc. 

It is the shell and fire box of the onlinary tubular toiler that require 
frequent patching, these repairs constantly weakening the remaining 
portion of the sheets (iis it is well established that a single riveted joint 
has but 50 ]>er cent of the strt^nu^th of the plate l)efore punching and 
riveting, and this with the l>est workmanship). This shows that the 
tubes are the mi\^i ihinil>lo part of the boiler; and the only damage tliey 
suffer is due to irreg ularity at expansion and contraction, wliich fault is 
here avoided. 
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Boilers made with sheik may bear a high degree of cold-water pressni^ 
when all the parts remain at one temperature ; but the application of 
heat on one side may produce such an immense strain, by inequality of 
ex|)ansion, as to nearly break up the boiler without steam pressure. 

Tliis explains why some new boilers burst at first firing, after having 
lK)me the cold-water test. The i)art8 of safety l)oilers being uniform in 
length and size, will exi^nd and contract nearly equally ; or, if any 
inequality of expansion should occur, it would have no bad.eflFect, owing 
to the manner of attaching the i)arts together. See page 246. 

This uniformity of parts in all the sizes renders the largest boilers as 
strong as the smallest, which is not the case in the ordinary forms. 

Scale and Sediment. As this matter of scale and sediment is ihe 
greatest difficulty met in steam engineering, and more loss, trouble, and 
danger occur from this cause than any other, the point of superiority of 
this boiler should be thoroughly understood. 

The ease with which this boiler can be thoroughly cleaned, if through 
neglect it becomes incrusted, is evident; and, if through such negli- 
gence damage should be done to any part, it can be renewed with a 
trifling expense of time and money ; and such want of care, which is the 
cause of many boiler explosions, with loss of life and property, in this 
boiler can cause but slight damage in some of its parts. It may get red- 
hot, or burn out, so that some of the tubes will leak or require replying, 
but it will not explode. 

In a large shell, say five feet in diameter, which is a common size, if 
it becomes weakened by burning (or other causes) in any part, the 
internal surface on which the pressure of the steam or water is exerted, 
is so great, that it is immediately burst oi>en at the weakened point, and 
rips or tears from that point in any direction like a piece of cloth, and 
the whole exi^nsive power of the heated water and steam is immediately 
liberated, dealing destruction around. 

In a tube of four inches diameter the result is diflferent. Its strength 
to resist internal pressure is, in the fu^t place, from ten to twenty 
times that of the five-feet shell; and, then again, if burned entirely 
through at any point, its strength is so great in proportion to the inter- 
nal surface exposed to pressure, that no such thing as an explosion or 
tearing to pieces can occur. A mere leak occurs, and the boiler may 
be used with safety for weeks after, or until the leakage is so great as 
to stop the use of the boiler. No such thing as the burning out of a 
tul)e can take place, however, except for the want of water or its being 
filled with sediment ; in either case the result of great carelessness and 
neglect. 
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The following are the prominent advantages that these boilers present 
over those of the ordinary shell construction : — 

z. The Transmission of Heat. The thick plates necessarily used in ordinary 
boilers, in the furnace, or immediately exposed to the fire, not only hinder the free 
transmission of heat to the water, but admit of overheating. Water tubes, however, 
admit of thin envelopes for the water next the fire, with such ready transmission of 
heat that not even the fiercest fire can overheat or injure the surface, as long as 
it is covered with water on the other side. 

2. Joints Removed from the Fire. Riveted joints, with their consequent double 
thickness of metal in parts exposed to the fire, give rise to serious difficulties. Beint; 
the weakest parts of the structure, they concentrate upon themselves all strains of 
unequal expansion, giving rise to frequent leaks and not infrequently to actual rup- 
ture. These difficulties are wholly overcome by the use of lap-welded water tubes, 
with their joints removed from the fire. The joints between tubes and tube sheets 
also give much trouble when exposed to the direct fire. 

3. Thorough Absorption of Heat. There are important advantages gained in this 
respect, in consequence of the course of the gases being more nearly at right angles 
to the lieating surface impinging thereon, instead of gliding by in parallel lines, as in 
the case of fire-tube boilers. The current passing across and between the staggered 
tubes is brought more- intimately in contact with all parts of the heating surface, 
rendering it much more efficient than the same surface of ordinary tubular boilers. 
The experiments of Dr. Alban and of the United States Navy have proved that a 
given surface aiTanged in this manner is 30 per cent more efficacious than when 
fire tubes are used. 

4. Efficient Circulation of Water. All the water in the boiler tends to circulate in 
one direction; there are no interfering currents, and the steam is carried off quickly 
from the surface; all parts of the boiler are kept at nearly equal temperature, pre- 
venting \inequal strains; and by the rapid, sweeping current the tendency to deposit 
sediment on the heating surface is materially lessened. 

5. Dryness of Steam. The large disengaging surface of the water in the drum, 
togethA* with the fact that the steam is delivered at one end and taken out of the 
other, secures a thorough separation of the steam from the water, even when the 
boiler is forced to its utmost. The large area of surface at the water line and the ample 
passages for circulation secure a steadiness of level not surpassed in any boiler. 

6. Freedom of Expansion. The triangular arrangement of tlie parts forming a 
flexible structure allows any member to expand without straining any other, the 
expanding sections being also amply elastic to meet all necessities of this kind. 

7. Accessibility for Cleaning. This is of the greatest importance, and is secured 
to the fullest extent Hand holes with metal joints, opposite each end of a tube, 
permit access thereto for cleaning, and a man hole in the steam and water drum and 
hand holes in mud drum are provided for the same purpose. 

8. Durability. Besides the important increase in durability, due to the absence of 
deteriorating strains, and of thick plates and joints on the fire, thei*e is no portion of 
the boiler exposed to the abraxive action that so quickly destroys the ends of fire 
tubes, or to the blow-pipe action of the fiame on the crown sheet, bridge walls, and 
tube sheets, which are so destructive frequently to ordinary boilers. 

Note. — Of the efficiency really secured, we have, as stated, no detailed or later 
evidence than that of the Centennial experiments, which are, as seen by the accom- 
panying table, the highest of all reliable records from 1874 to 1887. See table No. 7, 
page 265. 

We have gone somewhat at length into the description and claims of the Koot 
safety boiler, because the subject is an important one, and because the description 
and distinctions drawn are applicable to other tubular constructions made without a 
shell, whether vertical or horizontal, and whether made of wrought or cast iron; 
and thus we shall not continue the parallel when referring to the Harrison, the ^ 
Exeter, Gold, or the Mills boilers. /g^ 
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• Abtfmirotli A Hoot, Manufacturers, Ko* 28 Cfiff St., New York '^ity. 
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ORIGINAL MILLS SAFETT STEAM GENERATOR, NO. 3. 

BMPLOTBD AT FRANKLIN. N. T., AND T88TKD BT HSWIN8 « TOWSB. 1878. 

Watertown, July 20, 1872. 
Geo. W. Walkek & Co., Boston, Mass. 

This is to certify that we tested at our foundry, March 15, 1872, two sections of 
Mills Grenerator, No. 3, by hydraulic pressure. 

One section resisted a pressure of six hundred and ninety pounds to the square indi. 
The other, a No. 2, six hundred and forty pounds. 
The sections were taken from a pile in the yard without selection. 

Respectfully yours, 
FIGURE No. 14. ^^^ — ^^ Mile^, Pbatt A Co. 

HILLS BOILEB. 

Talent gf ISTI. 



1^ 




Elevation (one half in section) showing water line and circulation. 

H, furnace; I, I, side fines and combustion chamber. 

N, air pockets, formed on the sections (air above the fire). 

A (1), steam dome; A (2), water and feed drum. 

Heating surface below the water line, 16 feet; above, 4 feet = 20 square feet, or 2 H. P. 

Grate surface, 1 square foot per section. Weight, about 400 lbs. 

For horizontal view, when made up into generators, see bottom of plate No. 15 in 
the following section on cast-iron boilers ; the above test of strength has been 
repeated many times. 8ee pages 275. 276. 
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CAST IRON AS A MATERIAL FOR BOII^ER CONSTRUCTION, 

We now come to a subject ami a material nver wliich there has 
been iniu-h diseuMHitni aiitl muL^x difference of npiaicm, and per- 
hapB the writer will not l^e able to contribute anything new or vaU 
liable. Still, a j>ei^<jiKLl experience of over twenty yeaivs tii tlie me, 
const rue titni, and ojiemtion of cajstriron Iniilers and mdiat-^jrs shoiild not 
Ix! without interest to the practical man or the studcjit ; and thii*, he 
trusts, will also exemjjt him from any charge of egotism or even of 
partiality in preweatiug foi* favorable notice a mateiial and construction 
in which he has hud a pei"sonal interests 

Certiiinly Jiothing less than a peraonal interest would induce the 
exi)enditure of the time and the money wliich the writer liiis contrib- 
uted, and which lias l>een foun<l necessary to arrive at tlie facta under^ 
lying this construction ami material. 

In this, as in most of tlie otlier subjects* treated, it will not be 
necessary to confine the review to a single or personal exi>erience, since 
otlier and more able men have worked and written, with [ierhaj>8 the 
dkadvantivge of not submitting extended experiments and contem- 
poraneous proof of their conclusions. 

The use and employment of east iron for hoUern and radiators has 
undergone a marked change in the last few year^, even among engi- 
neers and those esiiecially interested in wrouglit inm and its varioun 
applications to the same uses. For a long time after the first ca«triron 
boiler apjieared, it was ditheult to get even a fair hearing or any 
im]}ortant eonsiderati(m of the facts, owing to the limited knowledge 
and the prejudice existing among engineers and those who dealt in and 
used wrought^ron i>lates and tul>es* 

That the tensile strength of cast4ron plates of the same tluckness is 
less than that of wrought inni, is acknowledged ; but there any useful 
coniijarLson ends, as no inventor has ever attempted to luse ciist flat 
plat^i^ for lK)iler surfaces, but^ on the contniry, emploj^ti it in cylinders 
of small sectional area, in which form the available strength is far in 
excess of any pt)ssil>le i"equirement. 

From a mean of many experiments it may Ix^* said that the ordinaiy 
ciistings have a tensile strength of fifteen thousand jKmncls jMjr square 
inch, or 6,00 tons, and that, when care litis lieen exercised in the selec- 
tion and mixtnrt* i>f pig iron, castings may be made that ^how a jjsiti jiijrUi 
of twelve to Hfteen tons* 

The elastic limit of cast iron varies somewhat, but Ls not far f\ 
thinl of the 1 creaking strain. This would give tivi^ thousanf^ 
the limit of safety in common castings. 
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Allowing a factor of safety of ten, a working pressure would then be 
allowed of five hundred pounds ; and this would give for sections of 
three-eighth inch thickness a safe working pressure of one hundred and 
eighty^ght pounds per square inch. 

By the adoption of this principle, cast iron, although it does not possess 
as high a degree of tensile strength as wrought iron, is relieved of any 
objection that might be urged on the score of sufBcient strength, and 
this, too, without such increase of the thickness of the metal as to inter- 
fere with the free transmission of the heat. 

Not to follow this question of the strength unduly, as nearly every 
engineer understands it, we will, however, call the attention of the timid 
ones to a few simple facts connected with what they sometimes regard 
as a weak material. 

After the steam of the highest pressure has been made in the boiler, 
where is it next sent for duty ? Why, to the cast-iron cylinders of the 
engine, to be sure ; and, after it has been multiplied many times by the 
piston, the power is transmitted through a cross head and crank to the 
fly-wheel, and through other cast-iron wheels and pulleys to the various 
machines. In short, more cast iron is employed in the motor and mov- 
ing part of machines luider steam than either wrought iron or steel. 

Then look at the locomotive, and the wheels that carry the whole 
train ; nine tenths of these are cast iron or cast steel. And for guns — 
well, our main reliance for these weapons canying the greatest strain is 
cast metal, sometimes re-enforced by bands or hoops of steel ; and, lastly, 
it is safe to affirm that more cast metal is employed for carrying strain 
and stress than of either wrought iron or steel. 

While cast iron was early employed as a material for steam boilers 
intended to carry high pressure, it fell into disrepute among engi- 
neers, from which it has only partially recovered, and now only to the 
extent of toleration for low pressure apparatus, and where employed in 
steam heating, and warming by water circulation. 

This opposition arose mainly from fear of what might happen rather 
than from what did happen, as there have been but very few accidents, 
and less fatalities arising from rupture or breakage even under high 
pressure, undue and unnatural strains, than from any other class of 
boilers or materials employed ; and it is safe to say, that for every dollar 
expended in the construction and perfection of cast-metal boilers or 
steam generators, a thousand has been spent in improving and experi- 
menting with wrought iron and steel shell structures. 

Note. — " Cast iron is not liable to be strained by inequality of temperature. It is 
liable to break or crack from such cause, and will give out at once if badly propor- 
tioned or improperly used; and in this Dcry quality lies its safety — that of giving out 
at once when badly treated. Not so with wrought iron, its very tenacity begetting 
a false security, which may lead to disaster at any moment" 
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OFFICE OF SWEET'S MFG. CO., 

Syracuse, N, Y., June 5, 1874. 
K H. Cook A Co., Elmira, N. T. 

Gentiemm,— On Mai-^h 1^ 1873, we fired a beatinfif furnace with one of J. U. Mills 
BoOers of ei|;liteeii nee U on a over it. After various trials we fotind too mucli heat 
eaeapii)^ up the chimney, and we ordered tea more Hectiona April 15. Our regular 
Bteiim pressure is eighty poundn. 

We use our city water, which is very hard, producing the hardest scale, and one 
Uiat does not yield to any boiler compound yet produced. The water was heated in 
a Frazier Heater, and all our boilers are fed from the same pump. 

We used this boiler one year andfoHy-JiTe dn^Jt, when we Uiok the third from the 
end section (at the end the dame entered) and broke it in pieces, bo we could eee all 
parts of it. 

"NVe found comparfili^ely no scult. In the lower part of the boiler the c^trhonata 
Mcale was soft iind ensily blown ofT; the BUlphMe scale near the water line was less 
than one sU'teenth qfun inch thicl\ and thtre jran rery Utile of it. 

I hare a Mills Boiler in my bouse, and another, recently completed, in our new 
Steel Mill at f;i>fJe«. 

The Mills Holler has the best circulation, is the best steam producer, and the 
safest boiler I hav^e ever used, or had brouf^ht to my notice, and with proper blowing 
<yf ipfH kcfp fhe freest from mud and mcdlr. 

I conMrr it a perfect bolter in every rejipecL 

[Signed] 



BoBTOir, Oct 1, tSt7, 
Mn. JoHK H. Mil. LB : 

Dtar Slrf — Witli regard to the sectional boiler which we bouf^bt of you last litay, 
we have to report that it fi^ivcs us satisfaction. The order Hpccifled that the bcJler 
should carry one hundred and Jifly pound* ; we have had that pressure on many 
times, and as high aa one hundred and ^Uttj-fire pound* without «Aoicirt^ any ie&katj^ 



or other drrftngement. 



[Signed] 
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OFFICE OF FREDERICK E. CLAPP & CO. 

Deduam, Mass., April 13, 1889. 
Mb. John H. Mills,— 

Dear Sir: Your favor of this date is duly to hand, inclosing following copy of 
my father's letter to you on the use of your cast-iron sectional safety boiler; it was 
dated 1872. 

I am pleased to reply, as you desired, giving a further testimony of the continued 
use of the same boiler up to the present writing, being a sbbvice of ovbb seven- 
teen teabs. 

The boiler has been in use almost daily, performing substantially the same work — 
that of furnishing high-pressure steam, sixty to seventy pounds, for the engine, and 
also steam for heating and drying, when such was required. 

It has been run all the time by totally inexperienced help, the man looking after 
the boiler being instructed and guided principally by myself; he has other duties to 
perform, and much of the time the boiler looks aft«r itself. 

We have had some breakage of sections in the last ten years, probably due to low 
water and accumulation of deposits inside. But none of the breakages produced any 
explosion, or caused any other damage but the loss of the particular sections, which 
were easily removed and replaced by duplicates from the foundry at Westfield. 

I think that we have once had the boiler enlarged to meet an increase in our busi- 
ness; and we are at present discussing a further enlargement, or replacing the old 
servant by a larger boiler of the same description. 

After this experience with cast-iron safety boilers, I would not be willing to go 
back to any wrought-iron shell or explosive construction. We may possibly bum 
a little more fuel; but I would not sacrifice the feeling of safety and security for any 
or all other possible advantages combined. 

Wishing you a continued success in the construction of this sectional safety steam 
generator, I remain, Faithfully yours, 

FRED'K E. CLAPP. 
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Dbdhaic, Mass., July 17, 1812- 
Mb. John H. Mills,— 

8ir: In reply to your inquiry as to the performance of your six-section boiler 
purchased in the fall of 1870, 1 will say that you remember that I purchased it with 
some hesitation, because, in looking around for a safe and economical boiler, I had 
heard much of the uncertainty of cast iron for this use; but, noticing that this 
opinion came mostly from persons having an interest in wrought-iron boilers, and 
liking the general features and construction of your boiler and generator, I concluded 
to try it. After eighteen months' use by myself and my son, I must say that noth- 
ing more could be desired in the way of a safe, reliable^ and economical boiler. We 
run a cotton picker, a lapper, and a set of cotton cards, which together require five 
horse-power The generator has six sections, and the engine is of six horse-power. 
We cau raise steam very quickly, and generally carry from eighty to ninety pounds. 
When we first started, we were rather shy of high pressure, but after we had 
run up steam several times to one hundred and twenty pounds, we saw that nothing 
was to be feared. In the matter of coal, it is very economical; think about one 
hundred and fifty pounds of coal per day will run our engine. The grate bars, which 
you particularly mention, are in good condition. I should say that they were a 
success, not being affected by the heat in the least. I have on several occasions 
recommended it to my friends. Wishing you success, I am, 

Yours truly, 

NATHANIEL CLAPP. 
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CAST VERSUS WROUGHT IRON.* 

"Some years ago a prominent iron manufacturer received a letter 
from the Franklin Scientific Institute of Pliiladelphia, requesting such 
information as might be derived from his experience touching the 
relative capacities of cast and wrought iron for the transmission of heat. 
Being the maker of a steam-heating apparatus, among other things, he 
was naturally interested in the subject, and set about making the 
investigation, which this inquiry suggested, in good earnest. 

"He commenced a series of carefully conducted experiments with 
similar water vessels of equal capacity and thickness, made of the two 
different materials, and exposed for a certain length of time to the 
same degree of heat. The results, ascertained by thermometrical meas- 
urement, were carefully noted, and sent to the Franklin Institute. 
In every case they showed a large difference (more than 10 per cent) 
in favor of cast iron over wrought as a conductor of heat ; the conclu- 
sion being, of course, that all apparatus designed for heating and 
cooking purposes should be constructed of the former material, with a 
view to securing the quickest and best results, with the most economi- 
cal consumption of fuel. 

" The correspondence relating to these experiments, we believe, has 
never been published ; and the facts developed by it are mostly the 
property of abstract scientists, rather than of practical manufacturers 
and the great consuming public, who are mostly affected by it. The 
theory advanced by the gentlemen who made these experiments is, that 
wrought or malleable iron, which is a relatively pure metal, has a lami- 
nated structure, and that its flattened particles, lying side by side, after 
being rolled and hammered, present a strong resistance to the action of 
heat, and that, hence, articles made of it are relatively poor conductors, 
and slow to absorb and radiate caloric, if we may use an obsolete but 
very expressive and convenient scientific term. 

"On the other hand, he argues that cast iron, which is not a pure 
metal, but, like plumbago and steel, a compound of ii'on and carbon 
(carburet of iron), has no such fibrous and impervious structure ; but, 
being a brittle, granular, porous, and penetrable sul)stance, readily 
absorbs heat, and as readily gives it out again to surrounding objects by 
radiation and conduction. The rougher the surface of the iron, the 
greater is its radiating power, and hence highly polished parlor stoves 
and steam heaters are less effective than those which present a natural 
surface, or are kept tidy with a coating of black lead." 

• 77i« Iron Revieit^ March, 1886. 
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" The heat-transmitting power of the plate decreases with the thick- 
ness and the resistance, and conversely increases with the facility 
offered by its heat-absorbing, conducting, and emitting qualities ; also 
the resistance is not directly proportional to the thickness or the con- 
ducting power of the plate. In consequence of the great superiority of 
the internal compared with the external conduction of copper, brass, 
iron, and steel, some eminent authorities conclude that the small differ- 
ence in their conducting powers and thickness has no appreciable 
influence on the amount of heat that they transmit. 

" Peclet, who found that all metals conduct about alike when their 
surfaces are dull, quotes two experiments which seem to bear out this 
conclusion. One was with a boiler of cast iron and the other with a 
boiler of copper. Both were exposed to a fierce fire and plunged in the 
flame. Each produced about twenty pounds of steam per square foot 
of surface per hour. 

" Carefully conducted experiments and the results of practice show 
that after the first few days' work, with ordinary impure feed water, 
there is no perceptible difference in the evaporative power of copper^ 
brasa^ and iron tvhe%^ although their relative internal condiLction powen are 
re%pectively 74, 24, 12; and that %ofar a% the economical u%e of fad i» 
concerned^ there is no gain in employing the dearer metahJ*^ 

The adaptability of cast iron for constructions exposed to such con- 
stant and severe strains as steam generators has been the subject of 
much discussion in the past among mechanical engineers. But the 
question, we think, may now be considered as beyond the pale of dis- 
cussion, for the reason that the crucial test of successful practice has 
long since definitely settled the points of dispute. So long ago, in fact, 
as the year 1867-68, so eminent a body as the Committee of Science and 
Arts of the Franklin Institute of Pennsylvania placed themselves 
unqualifiedly on record as approving the use of cast iron for this pur- 
pose, and crowned with their highest award the inventor of a form of 
sectional steam generator of this kind. 

Aside from this, the fact that such steam generators have been for 
years in service with satisfactory results, would itself be a suflBcient 
answer to any objections raised on that point. 

As regards strength or the ability to withstand a bursting strain, it 
is hardly necessary to remind our practical readers that, in this respect, 
the factor of proportion enters quite as importantly into the considera- 
tion as the factor of material, and that there are two wajs in which we 
may increase the strength of a hollow vessel ; first, by increasing the 
1 thickness of its walls, and second^ by diminishing its diameter. 

\h A 



Digitized by 



L.oogle 



r" 



255 



ThK WaR.VHSC and Ve\*T1LATI0\ of BLILDtNfiS. 




From Huvh information a.^ the %vriter ha«, ht? concludes that the credit 
of producing the limt pmctieal castriit>n Ixsiler helong^i to George B> 
Bmyton, at the time a resi^ideiit of Providence, !{, i. Under date of 
April 20, 1888, Mr* li raj ton transmitted to the writer a circuhtr on Ids 
boiler construction and their adaptation tojiower purfxwes* It reiidj* :^ 

" The first cast sectional steam boiler that had its parts bolted to- 
gether \^ as made hy mjiJielf at Pottery Hill, Westerly, R. 1,, in 1840. 
It wa^H mounted on a small locomotive, and run several trijMS on the ice 
covering the Powquctich River," Signed ** Geo. B* B my ton," 

It appears, however, from the same circular tlmt it was some ten or 
twelve years later, 1864, l>efore a pia::tical and safe steam generator was 
placed in one of the prineijial Iniildings on Weybosset Street, Provi* 
dence, IL I. This created much interest and some trepidation among 
the city authorities, who apiMJinted a coniinittee of scientists to iavesti* 
gate the cham<.'ter of the new construction, Mr, Bra tf ton »tuied to the 
Cfrmmittee that t/w^ ffe iterator vould he heated red-hot from the absence of 
water^ and then eooled doten to it^ regular conditions of aclian^ by piimpinf/ 
rold ftater^ without danger- 

After HOine hesittition the committee decided to have the trial made, 
which succeeded to the satisfaction of iili present. 

The committee reported so Idgldy in favor of the invention tliat its 
free use was secured witliin the city limits. 

In 1864, five additional pitents were grantetl Mr* Bray ton, one em- 
braidng a coil of pijie witlitn a furnace ; said ctal was connected to a 
water and steam chamber located outside of the furnace, which was 
called the supplcmentarv vessel. Water was fed to the 0(»il in quantity^ 
or to rather nujre than its full evajxjrative capacity ; and the steam, 
tcjgi'ther with the suridus water, was delivered through the side of the 
vessel, w^lnle tlie steam to 1m? used was taken from tlie tnp of said vessel. 
In 1865, the invention, with slight modifications, wivs exJubitcd to the 
Charitable Mechanics' Association of Boston, and the committee, who 
gax-^e it a thorough test, awarded a (fold medal. 

In the year 1866, another patent w^as granted to Mr. Brnyton for an 
imprtjved steam gene nt tor- A year later, in 1867* the writer first saw 
the Brayttm safety Iwiilers; they were then in portable settings, and 
Iiad an engine on the base plate, and altogether made a very credit- 
able api)eamnce» and attiueted much attention from engineers and 
others. 

It must have been some years later, before the patents and pattemi^ 
were transferred to Mr, Burlingame, proprietor of the Exeter Mao'''" 
Works, who gave the boiler its present name. 
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MASSACHUSETTS CHARITABLE MECHANICS' ASSOCIATION 

AWARDED A COLD MKDAL. 

AMERICAN INSTITUTE FAIR. 

MKDAL AND DIPLOMA. 





Extracts from Report of the Committee on Science and the Arts, constituted hy ike 
'* Franklin Institute qf the State qf Pennsylvaniaf^* to tphom trcw referred for ez- 
amination ** the Exeter Sectional Boiler,** as to its safety from explosions, 

* *' 'The Exeter Sectional Boiler' comes very near to it, if it does not solve that 
difficult problem of uniting small compartments composing a boiler of considerable 
size, and at the same time provide for the free escape of steam without lifting the 
water. Many sectional boilers are so constructed in combining their parts as to 
cause the steam generated in the lower portion of the apparatus to force its way in 
zigzag courses through a whole neighborhood of narrow passages or through a 
number of long, comparatively small, and nearly horizontal tubes, into which it ii 
quite impossible for the water to promptly follow, as it should do in order to main- 
tain perfect circulation, and take up all the transmitted heat before effecting its 
escape. 

'* In many cases these upper sections are alike subjected to the direct action of 
fire, and become, under a moderate supply of steam, highly heated, rendering them 
liable to fracture, without increase of pressure from sudden changes in the height of 
the water. 

'* The water in the * Exeter ' section exists in vertical masses about three and one- 
fourth inches square and twenty-eight inches high, a form favorable to the ready 
liberation of the steam to and from the surface of the water, and securing at the 
same time prompt circulation and supply of water to the heated surfaces of the 
boiler. 

'* We find, on careful and extended inquiry, that the ' Exeter Boiler,' thus far in 
its existence and service, has an excellent record, sufficient to justify us in making 
the assertion that it is eijually as safe as any sectional boiler in the market known 
to us. 

" Wo have not found any evidence, whether derived from the severest experimental 
tests to which a boiler can be subjected, or from long-continued daily use under the 
ordinary working conditions in the factory, which would prove it to be dangerous 
as a generator of steam.'' 

• Exeter Machine Works, Exeter, N. U. 
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THE HARRISON CAST-IRON SECTIONAL BOILER. 

Mr. Joseph Harrison, the inventor, was an eminent engineer of large 
practical experience and ample fortune, and, prior to his adopting cast 
metal as a material for a high-pressure steam generator, he made many 
and costly experiments with various forms of wrought and tubular con- 
struction, and he abandoned them all as failures to fulfill the ideal 
conditions laid down by himself and other prominent engineers. 

It was first made in England, and exhibited at the International 
Exhibition in London in 1862. (Awarded firstn^lass medal.) After 
importing several hundred tons of the boiler castings to this country, 
Mr. Harrison erected extensive works in Philadelphia, where thousands 
of horse-power were made annually, the works only shutting down for 
a time after his death, to be opened again by the present manufacturers. 

The cut gives an excellent idea of the construction and general set- 
ting, the smaller cuts showing the general mechanical construction and 
method of packing for transportation. 

To the axioms laid down by Mr. Harrison for a boiler construction, 
and the energetic and capable work done in the introduction of the 
Harrison boiler by his assistant, Mr. Coleman, may be traced the inspu*- 
ation of succeeding inventors who have designed cast sectional boilers ; 
and, indeed, there has little new ground been developed by those who 
have adopted the wrought or steel tubular construction (unless it be 
the supplementary steam and water drums). The angle at which 
Harrison set his heating surface, the large and efficient combustion 
chamber, are to be seen in all the modem sectional boilers, as the Bab- 
cock & Wilcox, the Abendroth & Root, and many others. 

This elevation of the front end of all tubular constructions is clearly 
to aid the circulation of the water and facilitate the separation of the 
steam, and also to secure more room in the fire chamber than is possible 
with horizontal boilers, or boilers having a shell around tubes. 

Whoever else has worked, and ex|)erimented, and produced a sectional 
and safety steam generator, certainly no man, from fii-st to last, was so well 
fitted by birth, education, and surroundings to reach satisfactory results 
in a most difficult line of purely exi>erimental engineering. That Mr. 
Harrison did reach it, is evinced by tlie mention his experiments and 
machines elicited both at home and abroad. That he also reaped a full 
and prompt reward is perhaps more surprising, but is also gratifying to 
all who have or would emulate his worthy example. 

As the axioms adopted by the inventor are as valuable and desirable 
to-day as when Mr. Harrison laid them down for his guidance, we repro- 
duce them with the advantages claimed for such a construction, and the 
1^ results of evaporative tests. See table No. 7, page 265. . 
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HARRISON'S AXIOMS FOR BOILER CONSTRUCTION.* 

** Ijst. Tiiiit n i^ic'iiin uglier, ul wliatever fonii ur material, mtisu as a 
j)aramount cuiitiitiiui, Im abttolutely ^e from desU'Uetive explpauutt 
even when cAreles^lj titled. 

"2cl, That it miii^t Ix^ eomtruetetl iijKin a system, or series, of uniform 
jmrts, Aiitiple in fornu few in number, \*mi\y put together or taken a^iaft, 
and not of ct^tly materiaL 

'*8(1. That it8 strength should be in no ways dependent upon any sys- 
tem of stays or bnices whereby the ineflSeiency or rupture of one of 
these braces or stays could cause greatly increased strain upon the 
othei-s, thus endangering the whole structure. 

** 4th. Tliat its parts should not be of great weight or size, thus afford 
ing greater j)ortability and greater facility for getting it in or out of 
place. 

'* 5th. That it must have a principle of renewal, allo^viiig the easy 
displacement and replacement or interchange of any one or more of its 
jiarts, without disturbing or impairing the material or workmanship of 
the remaining portions of the structure. 

"6tli. That a boiler, whether of large or small dimensions, should 
have uniformly such elements of strength as would render it alwjiys 
capable of safely sustaining many times a greater pressure tlian need 
ever Ik? demanded of it in practice ; and that its safety should not be 
imtMiired by corrosion, or the many other harmful influences which so 
soon and so seriously affect the strength of ordinary boilers. 

'* 7tli. That tlie parta should be so made and so put together, tliat in 
case of rupture of any iK)rtion of the boiler no general break-up of the 
structure could occur, the release of the pressure by such ruptiu^ 
merely causing a discharge of the contents, without explosion or 
serious disturlwince of any kind. 

**8th. That it should l)e so constructed as to facilitate the certain 
removal of dei)osit from its interior or exterior surface." 

While other inventors have perliajxs labored as faithfully to improve 
an imi)ortant machine or industrj', jxjrhaps none of them ever received 
so <listin^uished an acknowledgment from scientific in%titute»^ from 
tlie Secretary of the Treanury^ and lastly the Rumford medal. 

Wliile the origin of these medals is well known, there are many engi- 
neei-s and young men who could hardly tell who Count Rumford was, 
and liis especial claim for remembrance. The following items of histoiy 
are given a place liere witliout apology, and are recommended to the 
I)erusal of those persons who find notliing of merit in a cast metal boiler 
construction. 



• narrison boiler circular. 
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AWARD OP THE RUMFORD MEDALS. 1871. 
Count Kumford and his Useful Works. 

" An associated press telegram dated Boston, Jan. 9, 1871, announces 
tliat the ' American Academy of Arts and Sciences met tliat evening, 
for the purpose of presenting the Rumford medals to Joseph Harrison, 
Jr., of Philadelphia, for his invention of safety boilers.' Tlie award of 
the medals was made at the last meeting of the Academy (1871) ; and 
the corresi>ondence on the subject, together with a brief account of the 
origin of the fund, and of the previous awards of the medals, is here 
presented. 

" Among the former recipients of the * Rumford Medals ' in America 
and in Europe, will be found the names of Dr. Robert Hare, of Phila- 
delphia ; John B. Erricson and George H. Corliss, of our own country ; 
and Sir Humphrey Davy, Michael Faraday, Sir David Brewster, F. J. 
D. Farago, Henry Fox Talbot, Dr. Arnott, and John Tyndall, abroad. 
In the United States the medals are provided for by a fund, placed by 
Count Rumford in the hands of the American Academy of Arts and 
Sciences, Boston, and in Europe by a similar fund placed in charge of 
the Royal Society, London. 

" The recent award in the United States recalls to mind the highly 
useful works of a remarkable man whose memory is chiefly identified 
with European countries, — England, Bavaria, and France, — although 
he was an American by birth, and grew to manhood on this side of tlie 
Atlantic. The man who subsequently became so famous as * Count 
Rumford ' was a native of the little village of Woburn, near Boston, 
born in March, 1753. His name was Benjamm Thompson. Left an 
oiphan in his infancy by the death of his father, he got the village 
school education of those early days; was apprenticed 1766 to an 
importer of British goods in Salem, Mass., reading, studying, working 
at mechanical contrivances, dabbling in philosophy, and going to school 
and to lectures at intervals; married in his twentieth year, and ap- 
pointed Major to the colonial forces; fell under suspicion as to his 
loyalty at the outbreak of the Revolution ; was threatened with mob 
violence; fled from his home (Concord), got within the British lines at 
Boston, and went to England in 1776. After that his career was very 
eventful. 

" He was appointed Under Secretary of State for the Colonies, pos- 
sessing great influence with Lord George Germaine ; came back to 
America (1781) as Colonel of a regiment of cavalry in the British 
service ; returned to England (1785) ; went soon after (still being a 
British oflBcer) to France, where he attracted the notice of the Elector 
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of Bavaria by liis fine apj)earance on horseback ; was invited to Munich, 
havhig fii-st been knighted in England ; and in Munich he arose in a 
few yeai-s to be the confidential adviser of the sovereign, chief oflScer of 
State, Commander in Chief of the army, and Minister to England ; hav- 
ing in the mean time established a military academy, military work- 
shops to promote industry among the soldiers, improved roads, estab- 
lished a noble park at Munich, abolished a deplorable state of men- 
dicancy in the city by providing industrial homes for the poor, and 
made many valuable improvements and discoveries in the application of 
science to the mechanic arts and domestic affaira. 

*' For all this he was made * Count Rumfoixl.' 

" He returned to England in 1795, founded the * Royal Institution,* 
which lias given to the world the invaluable discoveries of Humphrey 
Davy, Michael Faraday, and John Tyndall; endowed the Royal 
Society and the American Acadejny with the funds for the Rumford 
Medals ; went to Paris in 1803, continued his philosophical investiga- 
tions there until 1814, when he died, leaving the residue of his estate to 
Harvard University, Cambridge, Mass. 

" The career, of which the foregoing is the barest skeleton of a sketch, 
was as wondrous as a romance. 

*' But the most remarkable characteristic of the man, after the magnetic 
attractions of his manner, was the tenacity with which he held, and the 
energy with which he urged, his idea of bringing science to bear on the 
practical affairs and employments of common life. Whenever he was 
engaged in his laboratory, experimenting on the properties of heat and 
the developments of cliemistry, he was always on the lookout for some 
methods of utilizing lus discoveries in the improvement of chimneys, 
fii'eplaces, grates, stoves, ovens, lami)s, furnaces to steam engines, 
cooking utensils, etc. He taught England how to avoid waste of fuel, 
how to construct chimneys that would not smoke, how to build fire- 
places, and how to erect kitchens for great hospitals ; and he taught 
Bavaria how to make even the beggars self-supporting, and how to 
prevent the soldiers from l)ecoming drones and demoralizers of society, 
by giving them incentives to be industrious in camp. 

" Nothing was beneath his craving to improve everything, and he 
employed himself as readily in improving a kitchen roaster or a saw- 
horee for a wood sawyer, as in his inquiries into the abstract principles 
of heat, light, and chemistry. His uppermost thought was to have 
science directed ' to the improvement of arts and manufactures,' ' the 
encouragement of industry/ the promotion of ' the comforts and con- 
veniences of life,' especially 'among the poorer and more numerous 
classes of society.' " t 
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REPLY OF MR. HARRISON. 

To THE President and Members of the American Academy of Arts and 
Sciences. 
Mr, President and Gentlemen : In receiving the Rumf ord medals, which have been 
awarded me in such a flattering manner by the American Academy of Arts and 
Sciences, I fear I cannot express in suitable terms my appreciation of this distin- 
l^uished honor. I can therefore only say that I do esteem this compliment very 
highly indeed, and I shall ever cherish these tokens with the greatest pride. To 
my mind there is nothing within the limits of science, at the present time, that is of 
more importance than the application of heat to the safe generation of steam ; and 
to have won an acknowledged distinction in such a fleld, and to have been deemed 
worthy of the reward that your honorable society has bestowed upon me, fully 
repays me for many years of anxious and often of discouraging effort. In what I 
have done, I claim but little merit beyond having called attention for the last twelve 
years to the great importance of the question, and in having, in some degree, 
demonstrated the fact that a steam generator can be made secure from disastrous 
explosion. I think that this idea has now taken such a Arm hold on the public 
mind, both in this country and in Europe, that it may be fairly inferred that, in the 
future, the use of the steam boiler under pressure, no matter what form the appara- 
tus may eventually assume, will not be attended by the disastrous results that are 
recorded in the past. In expressing my regret in being unable to attend your 
meeting of January the 0th, so as to receive the medals in person, I most sincerely 
thank you, Mr. President, and the members of the American Society of Arts and 
Sciences, for this very high mark of your approbation. 

JOSEPH HARRISON, JR. 

The following from AppletorCs Cyclopedia of Biography seems a fitting 
conclusion to those items of history : — 

"Joseph Harrison, bom in Philadelphia, Pa., Sept. 20, 1810, died the 27th 
of March, 1874. He had received but a partial common school education, when his 
strong inclination for mechanical pursuits led his father to indenture him to learn 
steam engineering. He began to build steam locomotives in 1834, and in 1840 
designed for the Reading Railroad an eleven-ton engine. Two Russian engineers, 
Col. Melnekoff and Col. Kraft, who were in this country to investigate its railway 
system, saw his engine and took traces of it, and introduced it into general use in 
Russia, where its value led to an official inquiry as to its builder. The result was 
that Mr. Hamson was invited to Russia; and there in 1843, he, witli Andrew M. East- 
wick, of Philadelphia, and Thomas Winans, of Baltimore, concluded a contract with 
the government to build the locomotives and rolling stock for the St. Petersburg & 
Moscow Railroad for $3,000,000. The Emperor Nicholas made the partners costly 
presents, and also gave Mr. Harrison the ribbon of the Order of St. Ann, to which 
he attached a massive gold medal at the time of the completion of the bridge across 
the Neva. After executing other important contracts for the Russian government, 
Mr. ELimson letunied to Pliiladdphin m l^yl^ built n tine mansion^ niid ooUected in 
it many paintiii(rs and otlipr works* of art. Later ho designed and patented the 
** Harrison Jjafety Uuiler/* and vvsvs awarded the gold and stiver Kumford medals by 
the American Acailemy of A rta and SciLHices. 

He wrot« "The Iron Worker and Kin^ Solomon/' and published a folio confining 
this poem and some fnij^itLve x^ieees, liis autobiof^raphy^ and many ineidentH of Uia 
life in Hu^sta. (Pliiladelphia, 1J^9.) Me alfio wrote a paper on the pnrt taken by 
Philadelpbians in the invention uf the locomotive, an account of the Neva bridge in 
llusaia, and a paper on steam Iioilers, 

He was a member of the American Philosophical Society, and of other 1" 
societieB. 
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BOILER EXPERIMENTS.— THE EVAPORATIVE POWER OF COAL.* 

By this is meant the number of pounds of water, which, under 
certain conditions, are cajmble of being evaporated i)er pound of coal. 
It is essential to the obtaining of exact results, that the temi)erature of 
the feed water and the tempemture of evaporation should both be ascer- 
tained, and the total heat per pound of water computed. That total 
heat being divided by 966, tlie latent heat of evaporation of a pound of 
water at 212°, gives a multiplier by wliicli the weight of water actually 
evaporated by each pound of fuel is to be multiplied, to reduce it to the 
equivalent evapomtion from and at 212°; that is, the weight of water 
which would have been eva{)oi*ated by each pound of fuel, had the 
water been both supplied and evapomted at the boiling point corres- 
ponding to the mean atmospheric pressure. The weight of water so 
calculated is called tlie evaporative power of the fuel. 

The object of reducing evaporative results in practice to equivalent 
evaporation from and at 212°, is to afford an intelligible basis of com- 
parison between different kinds of fuel. 

To make such a comparison, it is necessary to know the pressure and 
temi)erature of the steam ; the temi)erature of the feed water ; the 
number of pounds of coal burned on the grate (deducting the ashes, if 
tlie net combustible is desired) ; and the nuinl)er of pounds of water 
evaporated in a given time. From these last two items the ratio of 
coal or net combustible to evaporation may be easily determined by 
dividing the number of pounds of water evaporated by the number of 
pounds of coal burned in an hour, a day, or any other given time. 

Example. — A boiler evaporating eight pounds of water per pound of 
coal (net), the temperature of the feed water being 85° Fahr., and the 
pressure of the steam in the boiler seventy-five pounds per square inch 
above the atmosphere ; what is the equivalent evaporation per pound 
of coal at atmospheric pressure from and at 212° ? 

The total heat required to generate one pound of steam from water at 
32° Fahr., under a constant pressure of seventy-five pounds per square 
inch, is (Table No. 14) 1,179 units. 

The water entering the boiler at a temperature of 85° instead of 32°, 
there is a gain of 85°— 32°= 53°. 

Then, 1,179 — 53 = 1,126 units of heat. 

The units of heat required to convert one pound of water at 212° 
into steam, at atmospheric pressure, = 966 (Table 14; atmospheric 
pressure corresponds to zero gaw/e pressure). 

1,126 divided by 966 = 1.17, the multiplier. 

8 X 1.17 = 9.36 pounds of water, the equivalent evaporation per pound 
of coal net, at atmospheric pressure, from and at a temperature of 212°. 

"^ • Combustion of Coal, by Wm. Barr, 1879. (4 
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TABLE No. 7%, 



EXPERIMENTS OF J. C. HOADLEY. AT 

LAWRENCE, MASS., TO DETER- 

MINE THE VALCE OF FORCED 

DRACCiHT AND PRE-HEAT- 

I NO OF THE AIR.* 

DURATION OK EXPEKIJIRVni, 9 WRRKl«. 



Pacific Boiler. 
Chimney I>R*GnT. 



Warm Rla»t 
No. 1. 



Warm 
BLAirr 

Xo,2. 



5S 



Coal consumed, net, per week, lbs., . . 

Water evaporated per week, lbs., . . . 

Pounds of water i)er pound of coal, . . 

Moan temperature of feed water, . . . 

Mean temperature of external air. days, 

Steam-firauge nressure above atmos- 
phere, pounds per 8<iuare inch, . . . 

Mean barometric pressure, pounds per 
square inch, 

Steam-prcHSure, absolute 

Pounds of water evaporated from and 
at 212^ Fah., per pound of coal, days 
and nights, 

Water evaporated from and at 212° Fah., 
by day, per pound of coal burned dur- 
ing days and nights, 

Evaporative power of coal, 

Efficiency, days and nights, per cent, . 

Efficiency, days, per cent, 

Efficiency, water, dayK, per cent, . . . 

Losses, i)er cent, complement of effi- 
ciency; water, days only; coal, days 
and nights, 

Losses, per cent, at chimnev by radia- 
tion from brickwork, and by imper- 
fect combustion — CO 

Radiation, 

CO., 



Temperature of Furnace Gases before 
passing through abstractoi-s. . . . 

Temperature of air supplied to furnace: 
Fah., . 

Tem]>erature of escaping gases, . . . 

Gases cooled by Abstractors, .... 

Air warmed by Abstractors, . . . . 

Temperature of steam . days, .... 

Difference of f, boiler and gases, . . . 

Difference of f, boiler and air supply, . 

Pounds of flue-gases per pound of coal : 
days 

Pounds of water e<]uiv<ilent in heat 
capacity to flue-ganei per pound of 
coal; sp. heat of ga-ses =■- 0.2:5S, . . . 

Hritish thermal units carried off in 
jxases per pound of coal, d;iys, . . . 

Efficiency correctfd for difference in 
temperature of external air, and dif- 
ference in time of banking flres, . . 

Difference of efficiency: Pounds gained 
by warm blast, over Pacific Boiler, 
cold blast, 

Ratio of gain to the larger quantity 
(-'*,: JJ -^ 11.9 per cent, etc.) 

Ratio (»f train to tlie smaller quantity 
(ffVSHl''"* per fent, etc.) '. 



16,264 

147,0:i9 

9.04 

7l.9(»° 

73.80^ 

47.54 

14.47 
62.01 



10.51 



0.31 
13.56 

77.48 
79.96 
68.87 



31.13 



17.75 
2.64 
2.13 
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12,890 

121,590 

9.43 , 

72.40** 

71.00° 



20.368 15,184 

180..542 145,076 

8.86 I 9.55 

38« ! r^e** ! 



47.30 I 54.40 



I 



14 61 
61.91 



14.64 
69.04 



I 



9.22 
14.27 
76.73 
76.53 
64.61 



25.39 



17.03 
3.:i9 
2.a5 



10.00 
l:i.45 
80.37 
87.05 
74.35 



15.00 
4.00 
0.6;] 



ai8^ 


376.9° 


78.3° 


71° 


368.:r 


376.9° 














297.5° 


297.3° 


70.8° 


79.0° 


a1>ove 


above 


219.2° 


226.3° 


below 


below 


22.39 


25.23 


5.33 


6.00 


1,576 


1,835 


68.87 


64.61 






• Sanitary Bnji neer, 1885. 



23.49 

5.59 
866 

78.18 

9.31 
11.9 
i:5..'> 



64.40 

14.66 
79.06 



10J>8 I 10.81 11.54 



10.72 

80.70 
84.21 



25.65 25.04 



14.24 
4.00 
1.06 



22.52 i 2;i.27 j 19.63 ' 19.;« 



16,740 
157,483 
9.41 
49° 
49° 

42.5 

14.70 
57.21} 



11-12 



10.77 

81.74 
87.76 
79.20 



•3».S0 



12.83 
4.00 
1.4;) 

18.26 



396.9° I :a)7.4° 377° 



337.7° 


349.5° 


3:U° 


189° 


196° 


164° 


207.9° 


201.4° 


213° 


303.T* 


315.5° 


285* 


861.1° 


322.6° 1 


291.2° 


127.1° 


126.6° 1 


127.2" 


below 


below ' 


below 


21.6° 


26.3° 


42^ 


above 


above , 


above 



28.37 



24.17 



6.75 I 5.75 
1,090 ! 661 

77.59 81.4.3 



12.98 

16.7 

20.1 



15.4 
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DATA AND CONDITIONS OF LAWRENCE, MASS., BOILER EXPERI- 
MENTS, 1885/ 

Report nf fi nericH of triaU made witli a warm-bh^st apparatus for tmnsferiing a 
part i>f t.h*5 heat of escai>iug tlue gatjea to the furnace. By J* C. Iloaclley, Boston, 

Artit-*lp in the Santtarif Enffineer, July, 1885, 

Exii^rinuuits reported in this papier were begtrn in 1881 at tlio chemical akops of 
tbi* Pacjiic iltlls, I^wrence, Maaa-» by ilr. Fred U. ProiitiiiS» under tlio direction of 
Air, j. V. Hoadley. The boiltr teAls lastvU nine /uH icefA-n. The warm-blast apparnluB 
stieniM to alTurd a means of securing a net saving of U) to 1^ per cent over the beat 
att.nnable pi-actice with open ehinmey draught, and with air BUppUed to ilie fumaca 
nt usual temperatures of the outride air 

The object* of the experiments are st^Ued to luvre been:— - 

laL To ajicertain how large a proportion of the heat generated in a boiler furnace 
eaoapea through the chimney. 

2d- To ascertain the ]iroportion of the escapin^^ heat that could practically be 
arrested to be returned to the furnace in a warm blast by an admissible apparatus. 

3d. To determine tlio ftum and dimensions of such an apparatus. 

4th, To ascertain the los» of runniUf^ a suction blower to replace the loss of 
draught in the chimuey. 

5tb. To obtain by observation the data for striking a baianoe of advantages and 
disail vantages arising from tbe use of Huch an apparatus. 

OtU To obtain as n>uch information as such experiments conld be made to yield on all 
questitiins relatiuf; to the economical combustion of coals and the generation of steam - 

In carrying this out, a boiler similar in form^ dimensions, and netting to all the 
fifty boilers at the Pacific Mills w^iJ^ tested, to ascertain to bow near tlkeorettcally 
perfec^t conditions that boiler could be brought in actual practice week by week- 

To iind out junt what proportion of the inevitable loss of heat was auUered at the 
ohimneyf and what degree of efficiency was attainable. 

The observations covered coal, refuse, water, air, products of combustion, steam 
furnace fire, inhltration through brickwork, and temperature at all points- 

The evaporation tests were each for one week, each day's work being plotted* 
The fuel wa-"! analyzed. The two boilers were externally tired, return tubular boilci-s, 
sixty incties hi diameter, twenty feet long, of three-eighth inch plate, and with sixty 
tuijes of three and one-half indies in diameter. 

The abstractors for taking out the heat from the escaping gases con si steel of two 
sets of WTought-li-on, lap-wekled tubes, two inches in diameter, one hundred and 
twenty in a i!iet K;udi pipe was i moused in a three-inch tube of wronght iron. The 
air passed in the annular space outride the openings inside the outer casing, the 
smoke passing through the inner two-inch tubes. Air was admitted from without 
the boiler-house, and wa^ drawn through the al 8 tractor into the jish pit and through 
the lire by the blower. The C4ising tubes were so adjusted to the air inlet aa to 
secure equal currents through each tier. In a modilied form of abstracU^rr used 
during the tests, the air w,is drawn across the hot pipes several tunes by means of 
diaphragm deflect' ii'S« and thus made to take up as much heat as possible, while the 
con Atr net ion was less costly. 

The ri'snlts with anthracite in the Pacilie boiler are the means for five weekly 
triaU: all the nthers are for single weekly trials. 

The powrr consumed in driving the blower is about 1 per cfnt t^ iht tohole |>Qi&ef 
produced by the boiler in combination with a good steam eiiglUL% 

It Uicrrefore appears that the net »itvitifj tiffectcd by iht wttrrn Qn4 /9r§9d Idant ti^an 
from 10.7 to lij.5/jfr cettl of th^/ufl UH^d mth the cold bla»t, itf - H||g t Afrig i^j* 

to ^ay Uiyit dn^tmvCin\i\n\i \hi' w^nn hiit«t icoutd cause un increo ^_^HH|^U^1 

equal to lib^mt l^^/^ to li^,9 ptr cent of the quanUtif lued in the hoi { 
the gain U 10 to 18 per cenL 

* The Sti nii^tif KftffiiweTt J oil- , '-• klcoiq p^nf Ui^ | 
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H&AT: lr5 ScresKX, PanuDcntuc, aaii ArrucATUUi. 



PLATE No. 14. 

Mills Steam and Water Safety Boiler, No. 6. 




Ac^Iar fiteam oilcI vrs^ter circulatiiLg hoiler of 50 %o 100 hor&e-mwt^* 
Three of tliene are in m^ at tha Piatrc BuiMin^^ Ucistoii, Mum^ tiam 
tit tlie county liuUding^^ SpiinglltUfU Miuis*, m%d three at Sime Vtmm, 
Cmm*Um, R. I. (See evninimtivi* t*35[?eriinent, iiage 265*^ 
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(^i|AVING devoted considemble spaoe and time to subjects of 
general interest, and to the constructions of other inventoi-ST it 
will liardly be expected that the author shouki displa}" ii modesty 
equal to the overlooking of his own courttructioiig and their 
application U> various heating and ventilating o|>emtionH- 

Certainly, in view of the late rush of veteiuns and aniateni-s into the 
field of heating and Ijeating appliances^ it seems quite poi^sible tliat the 
early in vcn tuns and pioneers in these fields should find it ni*cessary to 
say something for themselves, the methods and machines which have 
lielped to create the present healthy demand for waiming by steam and 
water apparatus* 

Where a few years ago there were a dozen boilens and radiatoi'S of 
sjiecfial eonstmction, and adapted to their jsevenvl uses hy many api>lica- 
tionri, there are to-day a hundred, each clamoring for place and recogni- 
tion- That uiany j)OMsess merit, should gn without saying ; that some 
are deficient in ei^sentials, is no less true. 

The author's patenb; on cast-metal sectional l.Miilers are da.ed 1867, 
1869, 1871, 1872, 1874, and 1888. The portable water boiler shown on 
page 290 is the last of its race. 

The ftrst practicable boiler, however^ wiis tiiat of 1872; and its manu- 
factui-e was begun by Geo. W. Walker & Co.^ at Watertown, Mliss,, 
at the foiuidry of Miles Pmtt & Co. See lettei's tjf that date, 

Tliere was a furtlier improvement in the jjatent of 1873, by which 
the products of combustion were turned from a horizont*\l to a vertical 
directhn^ the t*moke finding exit in side passages dotmiwanU^ and into 
the smoke flues Mow the tjrate levd ; it was this change in the direction 
and acti<m of the heat upon the tubes that raised this boiler to a place 
worthy the attention of engineers, and that lias since enabled 
retain its hold against all comers, and gives it to-day a iTC(*rd of 
years' continuous manufacture and use, both for high and low |ij 
w^ork, and for supplying steam power. (See pages 251, 252.) 
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In 1874 the patterns were removed to Westfield, to the foundry of 
the H. B. Smith Company, who had then commenced the manufacture 
of cored castings, the superior quality of which has built up from 
small beginnings a business of half a million a year, and carried their 
name into every state requiring heating apparatus. 

The celebrated Gold's boiler and pin radiator, before referred to, is 
also the product of their foundry, as well as several other cast-iron 
specialties, including the Whittier, Reed, and Union radiators, — about 
which more will be said under the proper and special heading. 

In the writer's construction of sectional boilers, the solution of 
several important questions has been met in a way radically different 
from former or later constructions, as may be seen by examination of 
the outs and the preceding chapter. 

The leading ideas embodied in the Mills boiler are : — 

1st. The construction of an entire steam generator at one operation 
of molding and casting ; the plan, grouping, and area of tubes, steam 
and water spaces being such as to secure the needed strength, ample 
passage ways for steam and water circulation, so that, if set up and 
fired as one unit, or imited in a hundred units, the functions of work 
and duty would always remain the same; and that any injury to a 
section or unit affected only the individual unit, and to the extent of 
the surface involved, so that, if a section were the fiftieth part of a fifty 
horse-power boiler, it was weakened to that extent only. This valuable 
feature was secured, and has been many times tested practically (since 
engineers and firemen are not yet satisfied that two trains cannot pass 
on the same track at the same time, or that boiler surfaces cannot safely 
be under fire without water). 

2d. To secure a reasonable amount of economy of fuel consumption 
in boilers of small dimensions. In heating operations boilers of five, ten, 
fifteen, and twenty horse-power are employed, but nearly always with 
a corresponding loss, due to increased radiation and decreased absorbing 
and grate surfaces. 

3d. To place the water absorbing tubes and surfaces in vertical posi- 
tion, and so ari'anged that the fire should act in substantially the same 
lines, rising to the crown or highest surfaces, and descending to the 
lowest in finding exit to the chimney^ which, by this plan, is really 
extended below the boiler, and is seen in the two divided flues — one on 
each side of the ash pit below the grate. By tliis action of the fire in 
vertical lines and exit of the products of combustion from the lowest 
and coolest instead of the highest and hottest portions of the boiler, an 
economy is effected not to be reached by any other arrangement of 
heating surfaces. • t 
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That this is so, may be inferred from the fact that nearly all of the 
first-class stoves and furnaces are to-day what are called ^^base 
burners ; " that is, they return the smoke and waste products of com- 
bustion to the base instead of allowing them to escape from the top and 
hottest point to the chimney. 

In the case of stoves and furnaces there is not, however, the same 
economy to be derived as with boilers so arranged, as it is not alone 
additional heating surface that is thus secured, but additional heating 
surface of a lower temperature^ thus insuring a greater abstraction of 
heat ; as, the greater the difference between the temperature of the gases and 
the surface in contact^ the greater amount of heat surrendered in a given 
time. 

4th. As time^ then, is a factor involved, and not to be lost sight of, 
the longer the gases are in contact with the heating and absorbing 
surfaces, the greater will be the work done with a given amount of 
fuel. Thus, if the vertical height of the boiler is six feet to the crown 
or water line and the fire return to and below the level of the grate, 
the distance the fire travels will be twelve feet, and double the time 
will be occupied in its exit from the furnace, and thus less heat will 
escape to the chimney. 

5th. Relation of the surfaces to the heat acting on them. 

It is a well-known fact to all practical engineers and firemen that one 
foot of heating and absorbing surface in or over the fire box or furnace 
is worth several in other and remoter positions, and this is ako true of 
every foot of surface that the fire shines on; and this brings us to the 
consideration of radiant heat and its value in heating and condensing 
operations. 

While every owner of furnaces and the man who fires them may 
know that the surface in his fire box is really worth so much more, he 
may not know exactly or scientifically why this is so ; therefore, we 
will say a few words explanatory of this subject, which will be taken 
up again later, and treated more fully under the head of radiators. 

6th. Radiant heat, as related to fire and hot surfaces, may be said to 
leave the particles of flame or incandescent surfaces in straight lines^ 
seeking always a cooler surface than itself, and that the greater the 
difference in the temperature^ the greater the amount of heat lost by the 
hot and gained by the cooler sm-faces in a given time. The greater the 
amount of absorbing surface within the direct and unobstructed mys of 
heat, the greater the effect on the surface so situated. 

Therefore, all partitions introduced to guide the fire in certain direc- 
tions, as to and fro horizontally, while delaying the exit of the gases, 
diminish the effect of the radiant heat^ or the heat of direct contact, 

-< 
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The radiati an from solid iiicaiKl^dcent fuel is greater than from flame* 
while tmnsptireiit hot gases scarcely nidiate any heat iit alL The more 
intense the contiiet heat of the flame by thorough mixtiii-e with air, the 
lean in the heat hy niiliatiou. 

Coiuhictiou Is the tn*ji«fer <»f heat^ either l)etweeii the fiartielet* of th^ 
»ame liocly or lietweeii the jHirts of tUfFei*ent bodiea in contact, and it is 
disttnguinheil rertjiectively as intertial and extenial conduction. The 
rate at which the fnniier takes j>lace in metal platen is very much 
greater tlian the latter, where the heat iiasaes from the liot gases to the 
plates^ ami fi-om i\ie^ agiiin to the water. 

This is illiwtrated in tlie common horizontal tubular Ijoiler* the 
heating Kurfaee?* of which are projiortioned substAntially, sf> that half of 
tlie shell re I ) resents one fifth of tlie total surface, and the surf^ice of the 
tul*ew I he other four Hftlis. The mdiant heat from the fire reseheSf 
mu\ but one half of the shell ex|>osed, or the lower part of the shell 
fi/rwitnl o( the bridge walL 

In a thirty*^ix*inch hy ten-foot boUer, seventeen horse-jK)wer, one lialf 
of tlic shell would amount to fift}' square feet and tlie tube surface to 
two hundi-ed. 

The |>ortio!i of the shell that the radiant heat then could reach would 
be but twenty-five out of two hundred and fifty feet, or one tenth of 
the whole heating surfilce ; wkilfi ehjht tentk^^ or the whole tuie mtrfaef^ n 
ant of the diret^t aetif^n of the fire. 

It hius genemlly been conceded that one foot of heating surface in 
the furnaee antl ot*er the f/rate hi xvorth from three to five square feet of 
the tul>t?s and surfaces i-emote from the fire. It hius ako been conceded 
that the effect of fire or heat on any body renin ved from it is invertiel^ tw 
the ttqH/ire of the dintanee th^ body i% removed. If the effect at one foot 
fro!n the fire is representeil by 1, removed to two feet distant, the effect 
would Ix' one fourth of one* 

Position of tlie absorbing surface has much to do mtli the 
effect olitained ; a figure will l>est illustnite this. 

The fire being in the circle at the centre, the value of the 
horizontal surface at the top is represented by 4, tliat of the vertieal 
surfaces at the sides by onedialf this, or 2, and l>elow tlie fire by 0. 
Tliis relation also applies to the tul»es of horizon tid boilers, not more 
than two thirds of whose cii^cuniference should be taken as effective heat- 
in <j tfurfaee. I think tliat this is the Ctovernment rating. 

The position of the internal tulx*s of small diameter, and overhanging 
the lire, are the Ijcst that can be found for aljtsorbing the heat of slow 
fires ami low combustion ; ^vhile* with a quick, sharp fii^e, a correspond- 
iTK' effect is realized. 
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Time and Position. The evaporative efficiency of a given amount 
of heating siu'face depends on the time allowed for the passage 
of the heat through it, or for the contact of the hot gases. The 
greater their velocity, the less time have they for imparting their heat 
to the plates or tubes whei*e the length of surface is limited. Tlie 
velocity through a tube or flue may be increased, either by reducing 
its area — the total quantity of gases passing through remaining con- 
stant — or by increasing the draught, aijd so causing a greater amount 
of gases to pass through in a given time, the area of the tube being 
unaltered. 

In 1858 Mr. C. W. Williams experimented on a small, open-topped 
boiler, four feet six inches long, having a three-inch tul)e i)assing 
through it. Tlie boiler was divided into five compartments, the first 
being six inches and the rest being twelve inches in length. The 
heat was supplied by means of a gas burner, placed in one end of 
the tube, bent down at a right angle. In a trial of four houra the 
water evaporated from 44° was in the five compartments severally 
nhiety-9ix^ forty-four^ twenty-four^ nineteen^ and sixteen ounces; and, 
although the temperature of the escaping products of combustion was 
500**, that of the water in the last compartment was only 170°. 

In anotlier trial of four hours with the same boiler, from an initial 
temperature of about 190°, tlie results were ninety-eighty forty-four^ 
thirty-two^ twenty-three^ and seventeen ounces evaporated. Tlie temper- 
ature of the water in the last compartment fell to 170°, showing that 
the absorption was less than the radiation of the heat, wliich, however, 
would not have been the case had the boiler been closed in. 

The tempemture of the escaping products was in this case about 
485°. In a third experiment the boiler and tubes were lengthened to 
five feet, and divided into five equal compartments twelve inches long, 
and a strong coke fire was substituted for the gas jet. In a trial of 
three hours the quantities evaporated from 50° were one hundred and 
seventeen^ ninety-tivo^ seventy-three^ sixty-four^ and sixty-three ounces^ the 
products escaping at a temperature of 800°, whilst the temperature of 
the water in the last division did not exceed 206° at the conclusion. 

If now the discharge of the smoke and products of combustion be at 
the top and straight out of the boiler, it will take them but half the 
time to reach the chimney that they would occupy were there a return 
draught to the base of the heater, and thus there is a less percentage of 
heat taken up by surfaces in contact. In the same boiler the difference 
between a direct and return discharge of the smoke amounted to 20 per 
cent in favor of the latter. Other experiments go to prove the value of 
time and the distance that the gases have to travel. 
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Connections. The manner of uniting the seveml sections into a 
common structure for unity of effect should not be passed Avithout 
a word, as on this depend somewhat tlie uses to which such boilers can 
be put. 

The method of joining adopted by the writer in 1870, by nipple and 
locknut cannectian^ has been found entirely satisfactory, while being the 
simplest, because available for any use and pressure required, provid- 
ing, also, for expansion. An evidence of this may be seen in the 
readiness with which it has been borrowed and grafted on to the 6?oW, 
Cloffston^ Exeter^ Walker^ Mercer^ and several other sectional boilers 
that started with flat or grooved bosses, held to a joint with long or 
short bolts. 

This improved manner of treating cast iron dispenses at once with 
all methods of joining and connecting sectional parts of such boilers 
together by means of bolts, flanges, rods, or packing to form a whole 
generator ; such connections always proving a source of danger, trouble, 
and expense. In case of accident, it also permits the ready disengage- 
ment of its section, and its removal at a future time. 

Construction. Whatever may be the construction of the boiler 
itself, the fire box or chamber immediately around the fuel should not 
be water surfaces, but rather surfaces which will absorb and radiate the 
heat into the rising gases. 

In the Mills boiler construction this reduction of the water surfaces 
in the fire chamber and on the fire line is accomplished by the construc- 
tions of the sections themselves, so that the real water surfaces do not 
touch the fire line only once in six inches, the intervening space being 
pockets filled in with a non-combustible substance, which also forms the 
joint between the fire box and the smoke flue immediately adjacent 
thereto. 

The accompanying cut (page 275) shows this construction on a line 
just above the fuel, one half of the figure being in section showing 
the pockets fonned on one side of the section, the water tubes, and 
horizontal flues ; the other half shows the top of the pockets and the 
blank spaces between each section, where are the exit ports for the 
smoke on its dotvnward discharge into the horizontal chimney^ beneath 
the boiler and on each side of the ash pit. 

The perforations shown on the top of these pockets ai-e for the 
admission of air when burning bituminous coal, or when the larger 
sizes, as Nos. 5 and 6, are used for power ; but are always closed when 
the boilers are employed for heating purposes by either a steam or 
water circulation. 
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PLATE Ho. I@. 

Regour Steam or Water Circduttng sectional Bcilzr 



MILLS BOILER No. 3. 

lltiUr frtpip iltit fjriifiiiaJ paHirro nf I^mS* 
tU« anali «»r ffti»ifi nHin li«li>|^ ovditel. 




Section A A. f«ium imultr ftu«» mi B B. 
PockeU b«lw«ffii itwUuUN at € C. 
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For ii£«, weiKbtf dlnoujuM, ttc*, aes U»t futluvfag »cli«i^tiltt tpf nXi mUmm mod wit^i;li^ 
V 3-^ Gmfc «i* D D. See ^Aa |t1iit4* ?i«. U ^ 
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HEATINO SURFACE. 

Of the total heating surfaces in a Mills boiler, three quartern of the 
whole are in the direct rai/a of the fire^ while two thirds of the remainder 
are over the (jrate^ and the surface in the return flue on each side of the 
fire chanil^er is in close proximity to the grate, and less than one quarter 
of the dLstiince from the live coak that is found necesaaiy in other 
boiler constructions. 

The peculiar construction of tlie internal and return flues on both 
sides of the fire box, and the exit of the spent products into wliat is 
really the chimney on the floor, is one of the best features in this other- 
wise desirable combination, and it no doulit accounts for the singular 
efficienc)^ and economy secured. In the experiments made at the time 
the change vvas made* two yearn after the fimt construction, it was found 
that tlie difference in fuel between a discharge at the t^p of the section 
(even with two horizontal retunir^), and between a discbarge at the 
bottom between each sectioiu amounted to 20 per cent. This might be 
expected, since with a gootl hre in the furnace the temperature of the 
exit gases may safely lie lK>rne with the naked hand* 

Not oidy is the geneml ontliJie of tins boiler vertical, but all the 
internal tulies are vertical ; and, as the fire follows the same direction, 
thei"e ai'e no liorizontal tul)es or jKirtitions to become coated and clogged 
with soot ; and tvshcs, that so often lodge on horizontal tubes and sur- 
facef^, are swept along with the draft, ajul are found in the flues. 

While, on the one liand, it seems desimble to bring the water- 
heating and aWorbiiig sui-faces as near as possiljle to the fire (in order 
to avail of the mdiant heat rays), it should iH)t be overlooked that the 
best conditions of i>erfect combustion and economy of fuel are not and 
cannot Ije found in neantesft of the cold-water mirfacei to the fire^ chilling 
the rising gases, and rettirdiiig the mixture of them with the oxygen, 
at the time antl place where they could unite, before they are swept 
away to the chinjney and lost. 

Plate 1*> shows tlie vertical nature of the tubes and the internal 
water surfaces ; also that, while each section is an indej>endent structure, 
that the tubes compc^siog such sec tic ui are also independent in their 
water sujiply, circnlation, and tlelivery of steam or litjuid current to the 
common outlet, without in any way interfering with each other- 

In the heating and ciix^ulation of water, tliis )im lieen found to lie an 
imjMirtant constructitm. 

Not to l*e misunderstood, I will state that the heating of water in 
separate vertical tuljes which only unite at their iH3int of exit, as at the 
flow drum, ajid vvliere the action of the heat is cidminatin^ at 
highest jioint, i« a source of power in itself. 
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Next to the perfect construction of the furnace of these generalois, 
the hH.^iit]on of the heatiiig and aJjsorbiiig surfiic^es is douhtless th« 
key to the great economy sec u reel, since nearly all engiDeers and 
pnii-ticai men are aware that one foot of fire surface (tliat L^ the «urfim 
on frhirh the Jir*' rralhf fhinrit) u er/ual to three feet of flue or an^ ofAer 
tinrfttre nitufitetj at a di§taHre from the fire ehumher* 

Src nai^weir« '* Engineer's Hand-Book," page 592. 

In a wniuglit-in>n tnhnhir Iw tiler the surface on which the fire shine* 
is not one in wix, while in these iniiM-oved genenitors the sui'face in and 
arouinl tlu' tire chanilMfr is lliree to one ; and the giuses always being 
in full comniunieation artmnd the vertical tubes of the return fiiia^ 
continue in full combustion until all their heat is given off to liie 
aurrtiunding water in the pipes* 

Not so with ga^fs forred inti» long tuljes of small diameter, whk)^ 
temijerahut'S, being »o kni% render combustion impracticable after tbe 
lii-st few feet* 

Vnnu what Iwu* l)een already stated concern iiig the small amount ot 
heat tninsmitted by conduction, radiation, and convection, from tk 
trsinstiwiivnt ^v^eouH pre « bids of combustion, the heating surface at a 
distance fn>ni tlie furniice, in onler to l»e effective, should be airang^ 
to bring the ga«es in direit ccmtmt with it, by changing ike diredhn ^>f 
the eurr^nf^ or hg piariftg water fuhes in thrir ptith ; but, at the same 
time, the amtngement must not imimir the cbiiught in any serioua 
degree. 

The great suiwfriority of the furnace-heating surface, lx>th in locomo- 
tive ami other tyi>cs of iMjUei-s, is, no doubt, greatly owing to the 
nuliant heat fr^mi the incandescent fuel l>eing princij willy absorbed 
there. According to Feclet, the proportion of nidiant beat irova red- 
hot coal may be taken as *5 of the heat of combustion. The greatest 
(]uantity of this is given off upwards, and but very little is absorW by 
the hot air, except what is not t*iken up by platens against which it 
mdialcs, in the same manner as our atmosphere is only warmed by the 
earth, and not by the sun's rays which piiss through it. 

The evajwrative value of a square foot of heating surface varies^ 
then, in different classes of Ixiilcrs, as well as in the same boiler, accorf- 
ing to its poaifimi^ t:'mniiti0ti^ nature^ etc. 

In conse<iucnce of thu^i and the uncertainty of tlie otlier conditions oa 
which depends the eva|Kkrative iK>wer, thei-e is considenible difficultr in 
detcnuiuing jux^eisely the hciiting surface necessaiy ft*r the [mitluction 
of a given amount (d steam in diffej'cnt Inrilers. The simplest w«T to 
estimate the evaporative i>ower of a b^iiler m to take the average iluty 
of the wliolc hciiting surface, found by ex]»erience for the varioiiii 
dcseriptioiKs of lioilei"s in use. 
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In locomotive boilers the highest average value for the whole, surface 
in the boiler is 13.5 pounds of water from one foot of surface, or about 
one cubic foot of water from about four and one-half feet of surface ; 
and in the ordinary tubular and externally fired boilers from three to 
seven pounds, or one cubic foot from twenty-one to nine square feet of 
heating surface, ranging from twenty pounds from one square foot of 
furnace surface to a few ounces or nil per square foot, where the gases 
quit the boiler. 

The average line in table No. 7 below and on the right side shows 
how nearly uniform the results are when the various boilers are brought 
to their best performance, and under conditions where errors are reduced 
to a minimum. 

For efficiency and economy we read : — 

14 wrought-iron shell boilers, pounds water evaporated per 1 pound of coal, . 10.81 

5 wrought-iron or steel sectional safety boilers 11.37 

10 cast-iron sectional safety boilers 11.28 

The average proportion of grate to beating surface is 1.33 

Coal burned per square foot of grate per hour, average, pounds 10.8 

Water evaporated per square foot of beating surface per hour, pounds . . . 2.98 

Average evaporation per pound of coal, pounds of water 0.98 

Average evaporation per pound of combustible, pounds of water 11.07 

Experiments have been made with the Mills boiler probably every 
one or two years since the boilers settled down to their work. 

The early tests were made by G. B. N. Tower, an ex-Chief Engineer 
in the United States Navj-, by Colonel E. H. Hewins, and Wm. B. 
Allen and othei-s. 

They were made with the care and accuracy generally observed by 
professional engineers, and gave a duty exceeding ten pounds of water 
evaporated from and at 212° per pound of combustible ; but, as they have 
been published before, we do not reproduce them here, or any of the 
later ones except those at Buffalo and at Springfield, made in connec- 
tion with mechanical firing and the Brightman stoker (see page on this 
modern invention in the fuel section). As even ten pounds of water 
evapomted from and at 212° per pound of combustible is a high duty, 
far exceeding the average of boilers, the inventor and manufacturers 
have thrown oflP the odd pounds often obtained above this high stand- 
ard, and simply guarantee the duty tliat may be obtained from any of 
the fifty different sizes made at ten pounds^ or a horse-power from three 
pounds of good coal. The average of heating boilers will not ex ceed 
seven. 



For very full details concerning nearly all the prominent 
France, England, and the United States, and eva] 
table No. 7 (Centennial experiments, 1876), page 266. 
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The main and distinguishing features secured in these improved 
generators and heaters may be classified as follows: — 

Construction. Tlie meoluinical construction of a steam generator 
in one or two compleU' antl iMHiu^i^e neons caH tings, of such fonn and 
arrangement of pii)es, so gnmiK'il together, that there L* no unt^ial 
eTpansion or ctmtraeiitm of any pnrtlmi ; tlie form and <liamet«f r of ihe 
pi|)e8 insuring the greatei^t amount of strength for the lea^t weight of 
metal. 

When shipjKjd or set tipon in-ojHfr foundationjs, tliey are Ci>ujplete in 
all their internal arrangements. The funtaee^ tjrafr hrtr*^ air pf*ektt»^ anji 
Jlues are all formed without further trouble and eTfwnite. 

Safety. Safety is attained hy the sejMiration of the water and steam 
into small subdivisions, ixii we divide a Iwirrel of gunpowder into sqnihs 
and crackers, which we phu^e withtmt n^s train t in the hantLs of children* 
So witli this pipe and divided eonstruetion of a getiei'ator, should 
rupture occur, by and through any cause whatever, nothing worse 
would hapi)en than the escaiM; of the water and tlie steain^ and the loss 
of the subdivision, whieh is merely nominal, as duplicates are alwiip 
held at the foundry to replace such breakage* 

Strength. It is well known to engineers and others that the tensile 
strength of cast iron is Udow that of wrought imn of the smme thick- 
ness; but, when cast in small cylinders of even metivl, the strength of 
such cylinder or pii)e is far l)eyond anytliing required of it in the way 
of steam pressure. A section of generator No. 3, taken at random, 
was placed under hydraulic pressui^s and showed no sign of yielding 
until seven hundred pounds to the square inch was indicated on the 
gauge. 

A section of No. 2 gene^at^:^^* tested at the same time, sustained #ix 
hundred and fifty poutnh premur*" to the tttptarf im*h before it yieldeJ^ 
being something like three times the pre»»ure that the bei^t wrought-inm 
shells of wrought tubular boilers would endure. See page 248. 

The losses due to radiation in brick set boileT^ and in some of the 

portable sectional cIiisn, cj^timated at 12 {>er cent^ are in the Mills 
boiler almost wholly avoided by the Ci>nstruetion of the return flues 
within the sections^ a line of four-inuh water tiibes inclomtg the^efiue^m 
that the heat products of combustion do not ever come in contact vdiih 
the brickwork, or whatever may be used as a covering for the outside 
surface ; for this purpose a wire netting and asbestos may be used, and 
equally good results obtained. 
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Furnace. The construction of the furnace, by which the air is 
carried in separate channels, in a pure state, not only to the coal on the 
grate, but also to the gases in all parts of the fire chamber in such 
minute and subdivided quantities that chemical union immediately 
ensues, insuring the degree of economy inseparable from such conditions. 

In most other boilers, cylindrical, tubular, or sectional, the furnace, 
the most vital part — the lungs, so to speak — is left entirely out by the 
designers and builders, to be constructed by the masons, who build, 
each one after his own idea ; while the owner is left to select some kind 
of a gi-ate bar on which the fuel is to be burned. 

Water. By placing nearly all the heating and absorbing surface 
vertically, the water is presented in small columns to the fire, and in 
the most favorable condition to be vaporized, the steam also having the 
most perfect freedom to leave the water, unobstructed by any cross 
currents ; while any sediment that may be contained in the water will 
settle in the cross pipe below the fire, where, instead of being converted 
into scale, and fouling the surfaces, as in other boilers, it remains in a 
soft condition, and may be removed by being blown off under a pressure 
of steam, or cleaned out mechanically through the openings in said pipe 
for that purpose. 

Facility of Increase. The enlargement of these generators — a 
feature claimed but rarely possessed by other sectional boilers — is as 
remarkable as simple ; since to remove the front, and place beside the 
existing generator one or more divisions, would be at the most but a 
day's work for any piper ; while almost any man, with good common- 
sense, a wrench, and a pair of extension tongs, could not fail to set one 
up as sent from the foimdry 

Safety from Fire. It often happens that when the heat and smoke 
leave the top of furnaces and heating boilers there is a difficulty in 
keeping such smoke pipes a %afe di%tancefrom the ceiling and surround- 
ing woodwork. The building law of this and most other cities requires 
twelve inches space clear, and this twelve inches is often not to be had 
except by excavating, and setting the boiler in the pit so formed, which, 
by the way, is a nuisance from first to last, and one that has no compenr 
sation either in the present or the future. A competent engineer will not 
require a pit for his boiler. 

Cleaning. The arrangement of the whole heating surface, with 
such ample room between pipes for the introduction of a steam or gas 
jet, renders the cleaning of the same through the openings in the front 
and also at the sides, in the rear chamber, from soot and all exterior 
deposit, an easy matter. (For tests of efficiency, see page 265.) J^ . 
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ORATES AND ORATE SURFACE. 

Perhaps nothing connected with steam and other boiler power is of 
more importance than that part of the furnace which supports the coal 
while it is burning. For this reason much attention has been given to 
the size, shai)e, and arrangement of grate bars, and many patents have 
been granted for supposed improvements. 

Some of these latter have been put on trial, some have remained, bat 
many have disappeared, proving that they had but little advantage over 
the ordinary flat stationary bars. 

It has, however, become a conviction among engineers and firemen 
that the old method of cleaning fires on the flat grates by means of the 
slice bar, poker, and hoe are not only crude and laborious in the 
extreme, but wasteful as well. The opening of the fire doors fills the 
furnace with cold air and chills the fire and the boiler surfaces, thus 
retarding the production of heat for a considerable time after each 
operation. 

This whole matter has received attention under the head of mechani- 
cal firing ; but often so radical a change cannot be decided upon^ as 
for many of the heating boilers and furnaces it is not practical. The 
shaking grate seems the next best substitute, as by this simple means 
the cleaning of the fire is eflPected from the outside and while the fire 
doors are closed, avoiding the chilling effects to the fire and heating 
surface referred to, while the labor is so reduced as to be performed bjr 
a child or maid-servant. 

The cross-sectional arrangement of portions of the grate surface rotat" 
ing on trunnions seems to be the favorite idea, and apparently has been 
re-patented a dozen times in the last ten years, as nearly every form of 
this arrangement will be found to bear a later date. 

The writer first used this arrangement in 1871, and it was shown in a 
Mills boiler circular issued by Geo. W. Walker in 1872. 

It was not tlien mounted on trunnions^ as at present, but encircled 
the cross pipes uniting the lower legs of the sections. The form or curve 
of the up|)er surface of the teeth is changed, while only one half of 
the bars are rotated from one side, reducing the labor and increasing the 
cleaning effect and general efficiency. ^^ shaking sme, laa 

It 18 now knotvn as the Reed grate^ and under its 
changed conditions and new name it has won much 
favor^ having been put into Gold's and Mercer*s 
boilers^ also made at West field, • 

See cuts of boiler and the latest arrangement of this 
grate^ page 275. 
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SIZK AND COHDITION OF THE COAL ON THE GRATE. 

While on the subject of grates and their relation to the low pi-essure 
and ho use- wanning furnaces, it seems proper to note the effect of the 
kind and »iie of coal employed, as on this, j>erhap3, more tlum on any 
one other thing (except the chimney) depends the efficiency, and often 
the ultimate success of the heater. 

In all our review of fuels and combustion, Part I*, it was noticed 
how much streaa w^as laid on the mixture required between the fuel and 
the air supporting and perfecting combustion, and that finally the Irest 
possible eflfects were reached as the fuel became smaller and smaller, 
until it reached the sizes of ''nut" and '* slack, "—reference being had 
to the mixture alxive noted with atmosj>heric air* (See chapter on the 
Construction of Furnaces, pages 93 to 120.) 

Large coal, furnace and egg size, requires, firsts a strong draught» not 
often attainable in house chimneys ; second, a greater depth of coal on 
the grates, to prevent the air passing uncombined ; neither of these last 
Tequirements, when attainable, are conducive to economy. 

A medium or small egg, or even stove size coali although costing a 
little more, is prefenil)le, and many a house heating aj}paratns would 
have proved a failure but for the saving grace of small coal, as through 
it no air passes uncombined ; such a fire is not of ten seen dead along 
the outer edge. This condition ifl proof positive of incompatibility, 
either in the fuel or in the flue- 

In discussing this matter lately with one of the most practical 
and observing steam furnace men^ Mr. John R. Reed, of Westfield, 
Mass., he expressed substantially the views given above, and further 
said thiit, when called to see furnaces that did not come up to the 
requirements, it was one of the first things to which he gave Ids atten- 
tion — the chimney and the size of the coalj if either of these had not 
been carefully considered, success in general results was not to be 
expected 

We have room her« for but one other caution — don't try to run a 
dirty fire ; free your grate from ashes and waste material, whether you 
require the full jxDwer of your furnace or not ; clinkers are a commou 
but unn£ve»sart/ remit of a dirt^ fire^ sometimes the result of being 
obliged to carry too much draught on too small a gnite area* 

The whole question of fuel for the dwelling is of the first importance ; 
the large first cost in eastern States of fifteen to twenty tons of coal at 
$6 or $7 per ton, with the excessive labor involved in getting it into the 
furnaces and the ashes out, proves nearly the last " straw " on the poor 
man^s back. 
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Joiiir n. Hf J.UI, E»i|. 

Jf^ /Jrar NiV : In rrpljr to your inquiry lui to my experience witli and cotiseqnest 
Optnl^n of the MLIU iiafcty flection aI bt>iler», I will «ay that, of Uie many WUnt 
I hAtm atttti ftticl hmidlcid, I kjive yet to mw a more safe, efficient, durable, tad 
economtoail ileam generator. 

1 liav« been aei|uaiuied with thoM lK>tIers ftiiK?e 1875, and bare usad tbem perscai- 
ally Mime five yeami witbciut a dngle lerfoua accident, Tbey are easy to lundk 
and lo managp. 

I mn using ^aaa boilem in a large number of schmlf ehnrekt and eJTce baildtnfi, 
boili for waUr mad for nUam, and with excellent resii1t«. Tbe question of safety ii 
ftometiniea tbougbt nf, but is not given tbe prominenre lh»t tbts subject demandit. 

1 bave Just now rcuson to be tbmnkful ttmt I ]M?r&u:iiled one of my eustomeri to 
tise a MltU safety l>oiler in plitae of a borizontal tubular jiattem for lus block of 
■torea at Melroae. 

Laal Satunlay erenluf^ 1 was called to a Imjler that was in trouble. Upon euuni- 
nalion I found two sc^i'tions brokeJi* It Iiaiipened In tbis way : Tbe water wsa lew 
^'*out of siifbt"'— ^and tbe owner thought tbat be could " open tbe valves and let in 
tlia water slowly/^ witbout drawtn;^ bis fire, wbtcb was a bot one. Tbe result, I 
baY« stated, was tbe breaking and cracking of two aoetlooa. 

Hy diaconnecting the broken sections from the otberSf and plugi^i;' tbe iCeara sad 
water drums, I wa« able tj> have the fire started again tn a few bours^ and so pretcnl 
l(>»9 from damage to the plumbing by freezing, for tbe accident happened tn 7«n> 
weatbar; and tlie ability to do tbis, I consider another good point in favor of cast^ 
Iron sectional boiler construction. 

Iliid bis biiiler been of tbo dangerous tyjie, — a sbeU boiler^ before apoken of.^I 
tremble to think of tbe consequences. The recent explosion at Hartford h ta 
example of a result that I do not wish to have even a remote connection with- 
in thiij relation 1 think it proper to state that tbe evident remedy for all tli« 
dangers and uncertainties of steam as applied to heating buildings, lies in a tiaiifi 
of medium, and in the substitution of t^ttter for a steam tiT^uhtUon, 

We are now doing this extensively in all classes af buildings, and find tbe BnOi 
boilers tlie best adapted for that purpose. 

Have just placed two of them. No, &* in the Elliot Congregational Chttrch st 
Newton, Maaa,^ including the Mills system of mechanieal ventilation. 

I remain, yours very truly. 
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111 FFALo, Aug. :^, lS8i5. 
To Whom IT May Concern: 

This is to certify that, when making our arrangoments for wanninpf tho Baptist 
Chapel on Delaware Avenue, we examined several krncls of sfceam-hcatin** apparatus, 
and finally adopted that made by Mr. John IT. Mills, of this? «ity. The ht^ating is 
accomplished by both direct and indirect radiation^ tho indirect being in chambers 
below the main tioor supplied with air from without the huilding for ventilsition. 
The direct radiators are all placed at the sides and below the windows. The vestry 
is also wanned mostly by the supply and return lines passij^g through. 

After a winter's use, both before and after the huilding was complete*l, and 
having tried the boiler both with and without water, we are convinced tltat it is per- 
fectly safe under treatment that would destniy a wrought-irou boiler, if not the 
building. The whole apparatus is simple, silent in operation, and efficient. 




St. Catukkixks, Aug, 17, 1883. 
J. H. Mills, Esq., Buffalo, N. Y. 

Dtar Sir, — This is to certify that in the fall of 181T you erected the steam-Ueatlntf 
apparatus in the First Presbyterian Church in this city, ustn^ one of your No. 4, 
10-section Safety Boilers. 

The heating surface is placed in the pews under each seat in tliree separate sec^ 
tions, the supply and return pipe being placed underneath the floor liuct and all 
controlled by valves placed hear the boiler, there being no veuts or valves of any 
description in the auditorium. 

The heating surface is ample to thoroughly warm the building in the coldest wea- 
ther, and is perfectly noiseless in its operation ; the Jlrc i^ not commenced until 5abbatli 
morning, from six to eight o'clock, according to the tem[>erattire of the weather, the 
coal consumed each winter being about nine tons, being very much less thjin the 
trustees expected. 

The church is only in use on Sabbaths (morning, afternoon, and evening), and 
occasionally a meeting is held during the week. 

So far it has given entire satisfaction, has required no repairQ, and is very easily 
handled, being in charge of the sexton- 
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PLATE Mol 17, 

The Mills Twin Section Safety Boiler, No. 5, 

FOR STEAM AND WATER CIRCUUTtOM. 




Thift boiler i» adapUK) to i^upply liigii pressum atenm far eupsm, 
piiinji««, and elevatom. 

See lett*!r& of Wm* A- Swci^t mul Ihuicock fttspiititor (Vmiimtij . jm^ 
251 1 und eitjxarimentH, ^lage 265, 
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VI KW OK BOLTON HEATER. 

Broken Out to Show Construction. 
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DETROIT HEATING & LIGHTING CO., 

DETROIT, MICH., and CHICAGO, ILL 
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PLATE No. 18. 



The Mills New Portable Water Boiler. 

DESIGNED TO BURN SCREENINGS, HARD OR SOFT COAL. 

Also, GAS or OIL FUEL. (See also Platel7>tf.) 







If the Magazine is filled with any kind of fine fuel, it will not run into the Tsn9» 
faster than the screw regulated bj Jte weight will allow. A pendolum not shown goTOXW 
the speed of the screw, and so the amoant of fuel supplied. 
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VERTICAL WATER CIRCULATING BOILERS AND HEATERS. 

As all the Mills boilers are practically of the vertical class, some 
further reference to these may be desirable, especially as all the 
"heaters," so called, now being rapidly multiplied, are necessarily 
vertical, to economize room and to admit of a magazine for holding fuel 
to piece out their limited grate area. 

The same construction of vertical internal return flyss is incorporated 
in the new Mills portable heater, with this further addition, that the 
absorbing surfaces are extended to the floor, thus securing the inside 
of the ash pit as heating surface, and rendering no foundations neces- 
sary. This valuable feature is also seen in the Gumey boiler, new 
series, shown in the following pages. 

* While the new Mills boiler is intended to burn the fine slack and 
waste coals, to be bought at one half the regular prices of stove, nut, 
and egg coals, it is also intended to use gas for fuel, the pipe for which 
is seen entering the rear, and, passing around through the smoke 
passage, to and into the fire chamber at the front. By tliis means the 
gaseous or liquid fuel will be raised in temperature by the waste gases, 
and be in better condition to combine with the air (also heated) in the 
mixinff chamber seen in the front between the doors. 

There is no question but that an automatic supply of fuel to house 
and other heating boilers is a desideratum, and one that in some way 
must be met ; and that, when properly arranged, a large economy of 
fuel and attendant labor will be the result. Certainly the liquid and 
gaseous forms of fuel, now so plentiful in the Middle and Western 
States, offer inducements to the inventor. Where natural gas is avail- 
able, no invention is needed, except to avail one's self of the machines 
for mixing, burning, and controlling the pressure. Omitting the first, — 
a proper mixing of the gas or any other fuel with the oxygen of the air, 
— neither success nor satisfaction will follow, and for that reason we 
have given such prominence to the science of combustion in the first 
and introductory pages. 

The larger portions of vertical heaters are, however, of cast metal, in 
the form of horizontal sections, laid one over the other, and bolted 
together to form fii'e, water, and steam passages, the outside not being 
encased with sheet metal or a non-conducting and non-heat radiating 
substance. 

That this general and sectional construction should have advant 
is apparent from the many imitations of the first types 
upon the market, and claim superiority from some 
arrangement of minor details. 

• This new boiler or heater is not yet on the i 
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Many of them, however, have to contend with defects of construction 
and arrangement of heat-«bsorbing surfaces ; since, in any small boiler 
with slow combustion and low general temperatures, the heating sur- 
faces not in or above the fire chamber become of very uncertain 
value. 

This and the reduced value of some other remote surfaces contribute 
to deceive both the manufacturer and the purchaser, the result being 
that, in nine cases out of ten, the heaters are credited with a power that 
they do not possess. 

In this connection, however, and referring to the general construc- 
tion of portable heaters, the method of arranging the heating sur- 
faces, and in securing a circulation from one section to another is 
important. Most of these heaters and several small boilers are con- 
structed of flat, horizontal sections, having slats or holes cored verti- 
cally through them for the passage of the products of combustion to the 
flue. They have also other openings for securing conmiunication 
internally from one to another; but, singularly enough, these are 
sometimes on opposite sides, so that the water, warmed below in, say, 
the first section below the grate, passing into the next, must flow 
horizontally across to the opposite side to find an outlet into the next 
section, and so on, thus making in effect a trombone coil of a vertical 
heateVy and thus doubling or trebling the distancti of the water in reach- 
ing the flow pipe. It is in effect a dmg or brake interposed in the 
circulation, which must be overcome by the heat as best it may. 

In many of the older sectional " Heaters " and in most of the new 
ones, the manner of joining the sections at the points where the circula- 
tion takes place is generally on flat surfaces, drawn and held together 
by a lonff bolt^ passing outside them all from top to bottom, not always 
in a straight line, but often at a distance from the joint thus sought, to 
be effected by the strain put upon one rod held to its work by a single 
nutj requiring in most cases a jiacking of some kind between the 
surfaces thus brought together. 

The importance of a substantial joint, uniting sectional boilers, must 
not be overlooked, since even in warming operations it is often desira- 
ble to carry moderate pressures ; and in the use of a water or liquid 
agent, instead of steam, the higher temperatures can only be obtained by 
a pressure on the boiler due to the temperature ; that is, after passing 
212°. That pressure is one of the elements to be considered and pro- 
vided for, is apparent, when we consider that the whole range of 
temperatures in a modern (closed circuit) apparatus is 300**, and that 
the boiler pipes and radiators are more or less efficient^ in proportion to 
the temperatures of the circulating medium. 
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This matter will be more fully treated in the chapter on heating 
mediums ; it is refeiTed to here because parties intending to use the 
closed circuit advocated by the writer should consider the Joints in the 
boiler and radiators they intend to employ, because if a purchaser 
submit the "house heater," as it is called, to pressure not intended by 
the manufacturers, they (the purchasers or users) are really to blame, if 
rupture and damage follow. 

It is fair to say that such a joint suffices for most of the heatere to 
which it is applied, since their projectors did not intend them to bear 
strains common to boilers of \vrought iron, or united by a more sub- 
stantial method. 

Probably the most of the small heaters are intended and will ]ye 
employed with an open circuit or expansion tank, in which case their 
joints and general construction are ample for their needs. 

In this class of fire-box heaters, there is generally a condition fatal 
to economy^ a small fire area surrounded with a large water surface, 
the tliree sides of the furnace being generally continuous water sur- 
faces^ and thus of so low a temperature as to forever preclude proper 
combustion of the fuel in contact with them. There is a notable excep- 
tion to this general defect in heaters of small furnace area, which may 
be seen in the construction of the Gurney and Mills heaters. In these 
the water surfaces around the fire are reduced^ and the space or recess 
thus obtained is filled in with a removable fire-brick or iron lining, the 
lining itself being protected from destruction by being in contact with 
the water surface back of it. 

The lining for high temperatures is as necessary a condition of com- 
bustion as air is when forming its supporter ; this is seen in the latest 
g^as-burning lamps. These pre-heat both the gas and the air. 

THE GURNEY WATER BOILER. 

In nothing is this improved fire chamber more conspicuous than in tlie 
construction and arrangement of that most important part — tlie gmte. 
In many small or portable heatei*s, the grate is a clumsy affair, hard to 
work, and hard to get in or out of tlie ash pit when repairs are made. 

This grate is mounted on friction roUei-s, and is tlius easy to shake ; 
wliile tlie ti-ap or slide at the centre enables the fire to be dumped with- 
out lal3or, and cluiker removal, without disturbing the rest of the fire ; 
in shoi-t, it is an ideal machine in all its arrangements for either feeding 
or cleaning the fire. 

The grate l^eing the most vital part of a furnace, and liable to require 
repairs and sometimes removal, provision for such change is essential as 
the first construction. In the Gurney furnaces this has not been 
forgotten, as is seen in the large ash pit, door, and other details. 
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PLATE No. 19. 
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The New Gurney Hot-Water Sectional Boiler. 

NUMBER ONE HUNDRED SERIES, 1888. 







Elevation showinsr Side View and Method of Boitlnsr the Sections together. (' 
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PLATE No. 20. 



THE GURNEY HOT- WATER SECTIONAL BOILER. 

SHOWING TOP SECTION WITH HEAT DEFLECTOR. 
Also, Water Section extendin^^ to Floor, below and under the Grate. 




Middle and Lower Sections, showing Grate and Fire Liningrs. 
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There is another feature in this boiler — I think so far possessed by 
no other — which, although of the first importance in a water circula- 
tion, has not been noticed by the professional writers. 

The extension of the water chambers from the usual grate line to and 
over the floor, while affording a much needed protection from fire, and 
absorbing some of the radiant heat usually wasted there, is really of tlie 
lesser account, the greater advantage being the increased i)ower derived 
from lengthening the vertical height of the heating surfaces. 

The total power of water boilers to overcome the friction of tlieir 
circulation pipes is the height or head available between the flow and return 
lines. (See Vol. II., Chapter XXIII., pages 421, 422.) 

The difference of temperature between the flow alid the retiun, 
together with the height of the two columns^ is the factor of i)ower avail- 
able to flow the water to a distance and i-etum it pi-omptly to the 
heater. There is another source of power which we will refer to later. 

By insi)ecting the sectional cut on page 297, we shall notice a dotted 
line at the right lettered A, B, C. SupiK)sing the whole height of the 
basement to be seven feet, and the distance from A to B to be only one 
foot, then the increase of power in any event will be one seventh, or 
over 14 per cent, and tlie work done in a given time by the radiators 
will be increased by a like amount ; and this oftentimes would be the 
whole question as between success and failure. 

As the whole power available in a water circulation carrying r«idi- 
ators, on or below the first floor, may be represented by a liead of water 
equal to one inch high, it is easily seen tliat any construction that 
reduces or increases this small motive power is of the first imi>ortance. 

As this whole matter of a water or liquid circulation will be taken up 
later, we do not follow it further liere, except to note that the last Mills 
boiler (page 290) lias the same extension of water surfaces to the floor, 
and for the same reason. 

Having devoted considerable time and space to this representative 
heater, we pass to some considerations tliat bear alike on all classes of 
portable heaters, of which the '^Gurney," "Perfect," "Si)ence," "Page," 
and "Auburn" are examples. 

In the matter of efficiency the manufacturer, agents, and the pur- 
chaser are equally interested ; and, as our effort is not the elevation of 
any one machine at the expense of all others, but the clearing up of 
the whole subject, we make no apology for criticising freely what 
appears to be general defects of construction, or, what is quite as l>ad, 
the general over-estimate of the combined value in any one construction. 
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Continued on pages 300, 301. 
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PLATE No. 21. 

GURNEY's New Portable Hot- Water boiler. 
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The cuts on the following page show another j)rominent and efficient 
water heater. It is called the " Perfect/' and in many i^esjiects it 
seems to deserve its good name. 

In the general construction and mounting of the sections one above 
the other, the action of the tire through them, this heater i^esembles the 
Gumey, SiKjnce, Page, and several othei*s. 

But here other comparison ends, as the water-ways and connections 
between the sections are different. Instead of seeking direct passages 
for the water, the circulation is made continuous through each section, 
backward and forward from front to rear (as in a return bend box coil), 
and thus the whole body of water moves together from the inlet or 
return to the outlet or flow, as seen in the right-hand sectional view. 

This i>eculiar circulation would not at fii-st sight apjiear the best, or 
as liaving the minimum of friction; but the water certainly does get liot, 
and moves mpidly over the alworbing surfaces. The fact that the fire 
jMisses the water chambei-s at right angles to the circulation may have 
inuch to do with the result. The lieating surface obt^iined by the slots 
tluough the sections is large and favorably situated to absorb the pass- 
ing heat ; this is clearly shown in the two views of the boiler and tlie 
sections. 

The lower right-hand view shows the patent shaking and dumping 
grate, also the fire-brick lining and the fii^it water section above the fire. 

The recent and growing demand for small house heating appai-atus, 
and especially that emlK)dying a water circulation, has stimulated the 
l)roduction of numberless new devices and the re-vamping of many old 
ones that had seen their best days in other lines of work. The two 
heatei"s shown probably represent the best in the line of the new goods, 
although tliere are othei-s that have points of excellence and desimbility. 
1 * The Mercer boiler and water lieater is one of the latter improvements. 
This heater is a reproduction of the famous (Told's boiler, by a practical 
Jieating engineer, who has had much pnictical experience in the line of 
steam construction and application. 

One of the best featiu^es of this improvement is covering the outside 
of the boiler, which is usually a load on the heating surface. The loss 
of economy is not the only dmwback, for there is a loss of power if the 
water is chilled before it nets fairly in circulation. 

Concluding, we may note that the efficiency of various boilers and 
heaters is substantially as follows : — 

Pounds of Water Evapobated from One Pound of Good Coal. 

Portable heaters of all kinds, uncovered, with upward draught o to 6 

Similar boilers, brick set, taking smoke off at the top 7 to 8 

Same boilers, brick set, but returning smoke to the base 8 to 9 

The larger sizes, with quick combustion 9toll 

See table No 7, pat^e 265, also table 22, for other proportions of heating apparatus. 
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PLATE No. 22. 

THE "PERFECT" WATER HEATER. 
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Showing Circulation of the Water and Water Ways. 




•KICHARDSON & BOYNTON CO., 1 

NEW YORK. 



FOR SALE BY 



AUERT B. FRANKUN. WARMING AND VENTIUTIN6 ENGINEER. | 

228 FRANKLIN ST., BOSTON. MASS. 
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In the now more considemble demand for small heaters, the people 
who make, sell, and handle them are, in a measure, considered the 
representatives of hot-water work and its general application. Yet if 
their education is limited to their experience with their own construc- 
tions, they are liable to advocate a wrpng schedule or estimate as the 
right one ; and, when the result is a failure, it stands as a failure for the 
system which they employ. , 

That some of the people who are running foundries and furnishing 
the castings for these portable heaters are also acquainted with the 
practical application of heat, is perhaps true, and that their suggestions 
are valuable to those who desire to handle their special devices. 

A pound of iron in a square foot of heating or grate surface is worth 
no more to^ay than it was twenty years ago in the same combination. 
Neither is it possible to make any new arrangement of grate and absorb- 
ing surfaces that, by the reduction of the latter^ unll increase the efficiency 
of the former; the contrary effect is certain to follow. 

That some of these new water heaters have good absorbing and dis- 
tributing surfaces, is clear from the efficient work they do; but it should 
not be expected, either by the manufacturer or the purchaser, that a 
foot of boiler or radiator is likely to take on any new and enlarged 
value because made at any particular foundry. 

The proportions of grate and heating and radiating surfaces to insure 
economy of fuel combustion were established long ago, and cannot be 
materially reduced without a corresponding reduction in economy.* 

That many people purchasing a portable heater aad adopting water 
as the circulating medium have been disappointed, is true; and that this 
will continue to happen, is more than likely. Were it not for the 
intrinsic merits of a water system, it would not be possible to carry out 
the programme and schedule laid down by the manufacturer and agent 
for these portable heaters. Change the system of absorbing and dis- 
tributing heat to a steam generation and distribution, and these limited 
proportions of heating surfaces would not stand a single day; and as it 
is, only harm can come to the reputation of the manufacturers or agent 
and to the value of a water-heating sjrstem, by a misunderstanding of the 
problems and the service required, or by refusing to provide for them. 

Note. — lu justice to the Gumey people, I should say that they are making a 
practical effort to preTent their agents and purchasers from selecting too small 
heaters to do their proper work, by calling attention to the uncovered supply and 
return lines, and that they represent 25 per cent of the whole load put on the 
heater. 

If now we add 10 per cent more for outside boiler surfaces, we have 35 per cent of 
useless load imposed, and, it is safe to say, a corresponding amount of loss in 
efficiency on this already limited heating surface. 

•See pages 282, 283. 

H|i\ !^" ] ^^y\3^i 



Digitized by 



L.oogle 



301 



The WARiiiNC AND Ventilation op Bl'iloings. 



^^4* 

^ 



Ah tile re ls i\ standaitl Ijy which the heat-sil}e*urhiiig surfau^s in nil 
kiticlE^ of steam geiiei'utoi's am metusnred, it seen it? desinible to refer to it 
and tile relation which it bean* to water-heating and absoi bing surfiu^ei^. 

Owing to the later introduction of these water heatei-s, it is not 
likely that any jn^actieal te.sUs of their intrinsic value tuive been made ; 
and, from what we see and hear, it is not likely that their designei'« 
will Ije the fii-st to institnte praetieal tests*, preferring rather to trust 
to their i>ower of deseription on the ennrmou.s Iieating value of their 
various devices and the Hjjeeial aji pile at ions u( them to Mn Snutirs; and 
Jh\ JonesV houses. 

Now, this is well enough in il« way; but it is really notliing to tlie 
pi*actieal man and engineer, l>e cause tliei'e is no cert^iin and reeognized 
da til hy whicli to cheek the work claimed to have lieen done* He does 
not know how much heat was abstracted from the uiial, or how much 
Tra# *rwf itj) the chimney for want of surface to absorb iV. 

What is rerpibiite to know is, liow much water can be heated any 
number of degrees with a iR>und of coal. Tlie circulation of the water 
in pi])esi the effects of such heating on rooms of different expiKsures and 
requirements, are entii^ly side issues to tlie question of the real t^^c/ettrf/ 
and e(*0}wftit/ ff an if particular heater. 

To oatimate the duty or effieienoy that should be expected of Una vlnstst of water- 
heating apparatus^ we m:iy compare it with tlmt of A steam boikr fur like uses. 

The duty of a S4]uare foot of hie surfiici; i& faiily weU known. In iRi'ge steam 
boilurs the evaporatioQ (from aud at 212'^) is from 2 to -J Uis. per foot per hunr. In 
a low-prf:i*iinre boiler it would uot exceed 2 lbs., from tlio temperature of the return, 
1S0\ this would represent aLoiit 2.(>m.> hrtit tut it a. {See table No. 7, page i^iSO 

A. square foot of fire surface id a thaler virctilaflntj boilfr^ rai tying the retuiu wntur 
from ItK*^ tt> 2Wf, is tlieu 2,0tX) -i- MT" = 50 lbs. of wtiter heated per hour 4(>\ 

But the efficiem'y of the surfaces in a wtUfr boiler are p enter than tliose in the 
»Uam hoiJer^ due to their average lower tern penitu res. Thh in iiroportionat bt tha 
ttqttare of the dijferenct'x hettvven the tempcralurcA in thvjHrnitct:* and ihme iiflhf abtforb- 
inff mir/iite^. f Kan kin. } 

As contirmiiig this estimate, see page 441 and page 447, on the comparative etEciency 
of »t<'fim and water surfaces* Ifeatiitfj aur/itreH in t1{fereni buildititj»^ 

A-Ssuming the furnace gases lu hotli cases to be GTA)^, we have^ for the steam, M)^ — 
2J(^— 44U difference; and for the water. 6'iO^ — 180*— 470 difference, or 12 per cent in 
furttr tt/ fht^ Ifttf^iT InnptTttturfit at which the heat is recovered. 

Crediting tliin estimate of \2 per ccnt^ one f<)ot of ^v<iUr snrfiuuj shcmld hent OO-f- 
fl = TH) lbs. ; or if raised only iid, from iTiP to Um^, it *4houki heat 112 Ih;*. prr foot ptT 
hour. The coal reiiuired for the grate an<l boiler surface may now be statcfl — assum- 
ing that this class of portable heaters will recover and tiTinsniit IjWM) unit* per lb, 
of coal, and \vc burn 5 lbs, of coal ])er foot of grate per hour, we have ri5,0(]0H- 
2,000 units— 174 titji^*fre J'eH nf fttntintj iturface rviiffifrtl per nijii art foot of tjnttt't aad 
85,000 "h 300 units =^ 117 Hf^ttitre fft^t of radiator, thus each foot of radiator may ho 
counted as dispersing 1 1h, uf cual each 24 liours (the outside temperature at 30^ 
and inside at TO^,) This is equal to 168 lbs. of water heated 40^. 

The mean of oxpeHmenta by Wad, lUimfonJ, and J>r, JHafcfc shows that *10 llm. of 
water may bo heated 180^ by one pound of coal; 3U x 1^ ^ t,020 units -r 40 — 17 j lbs, 
of water heated 40^. 
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THE MERCER -BOILER.* 

A WATER WARMING APPARATUS. 



PLATE No. 23. 




ProiK>rtlon of He«tinff Surfaces in a No. 7 Heater. 
Weight about 2,700 lbs. 



Fire Surface 84 feet 

Orate Surface SJ ** 

A A, Sections. 

B B, Jacket or covering. 



Radiation Carried 350 to 400 feet 

Proportion of Radiation to Grate, 1 to 214 *' 
H and K, Flow and return drums. 
S S, Shaking grate. 






•The H. B. Smfth Co., Manufacturers, Westfield, Mass. 
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Illustrated by 9 Colored Diagrams tmd 4 FuU-Page Tables. 

SECOITD.— SoUd, Llqmld, aad Gimou FmIs, mad their Tmrmmtts. 

Chap. IX. Pulverized Coal and other Fine Fuels, Mechanical Stokers, etc . 107 

Chap. X. Petroleum: Its Production and Transportation 121 

Chap. XI. Petroleum Oil as Fuel vs. Coal 143 

Chap. XII. Natural Gas: Transportation and Use 167 

Chap. XIII. Manufactured and Carburetted Gas 195 

Illustrated by 4 Diagrams and 4 FuU-Page Tables, 

TmBD.— Boilers of WrooKht aad Cast Metal. 

Chap. XIV. Unsafe Boilers and Steam Generators 213 

Chap. XV. Safety Sectional and Power Boilers 241 

Chap. XVI. The Mills and Other Heaters— Low Pressure Boilers . . . 269-302 
Illustrated by 17 Plates, several Tables, and Reports of Engineers. 

VOLUNIE II. 

FOUBTH. — Badiators, Direct and Indirect, for Steam and Water Heatlngr. 

Chap. XVII. The Laws and Phenomena of Heat applied to Radiators . . . 303 

Chap. XVIII. Various Materials and Forms as Radiators 315 

Chap. XIX. Cast Iron Radiator Construction 337 

Chap. XX. " Indirect" Radiators —Steam and Water Heat Compared ... 353 

Illustrated by 21 Plates, 4 Colored Diagrams, and 8 Tables, 
FIFTH.- The Warmingr of Bnildlngrs hy Steam and by Water Apparatus. 

Chap. XXI. Hot Air and Steam Furnaces 373 

Chap. XXII. Steam and Water as Heating Mediums 391 

Chap. XXIII. Water Heating Apparatus, Ancient and Modern 409 

Chap. XXIV. Examples of late Water Construction and Operation .... 433 

Chap. XXV. General Proportions of Water Apparatus 401 

Chap. XXVI. Pipe Lines, Radiators, and Miscellaneous 

Illustrated by 8 Diagrams, 11 Tables, 8 Plates and Figures, 

SIXTH. — The Ventilation of BulldiBifrs- The Amount of Air Bequired. 

Chap. XXVI. Air Hygienically and Scientifically Considered 487 

Chap. XXVIL Condition of Public Scboolhouses 507 

Chap. XXVIII. Methods of securing Ventilation — Flues and Chimneys considered 526 
Chap. XXIX. Mechanical or Power Ventilation — Modern Examples . . . 547 

Chap. XXX. Examples of Mechanical Ventilation 671-694 

Illustrated by 8 Plates and Figures, 4 Colored Diagrams, and 16 Tables, 
Appendix.- History and Illnstrations of the principal Manafactarers of Steam 
and Water Heating Apparatus in the United States, and mlsceilaneoos matter. 
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THE APPENDIXES OF VOLUMES I. AND II. 



If tlie foregoing pages had Ik? en attempteil only in the interest of the 
genenil i-eiuler, sidvertising mutter, as hwcIi^ ^voiikl he out of phicc^, or 
at least woiiltl del met from the solid and seientifie ohamoter expected 
of 1)Ooks of tin8 clu^ss. Hut as tlie wnter has addressed liiniself equally 
to iliose who nmke, buy, isell, or use heating uppamtus, it is clear that 
the maaufaeturer shoiihl he aecoitled a further i^preseutntiou than couhl 
he given in the e^litorial pages. The ai'ehiteet, engineer, and eon t me tor 
f^honhl he informed where they can obtain the goods, niaehines, or meth- 
ods which will yield the highest results* It should also Ite renieml>ered 
that the interest ant I co-<i [deration of enterprising nmnufaetui'eii4 have 
alone made i>ossrbIe the large expenditure i-equired to jn'oduee tliis 
work. 

The port mi t of Mr. C, C. Walworth (Fi-ontispiece), it may lie ex- 
plained, was obtained Jis a favor to the author. It will also l>e 
acceptable to the many other friends and business sicqnaintanres of the 
firm. The historical notes attachetl were furnished tlie anlh(M% but the 
other a J id [)ei"sonal miittt*r wils written after Mr, Wal worth left Boston 
for California, and tlum ajiiieai-s without his knowledge or revision. 
The early history of tlie House of Walworth and that of the older 
brother, Mr. James J» Wid worth, ^vill \m f run id in the fii^t volume, 
pages 320, 321, The dates were olitained from Mr* Walworth and 
Rol»ert Briggs. 

In the appendix, Volume L, will \ye found a fine ateel-phit^^ of tlie 
new works at South Boston, including view of Boston Harbor. 
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Office of HARDWICKE & WARE, 

Buffalo, N. Y., March 5, 1886. 
Mr, John H. Mills: 

Dear Sir, — Probably no one, unless directly interested in the question of water and 
steam-heating apparatus, will appreciate the great importance to contractors and manufact- 
urers of a compilation of data showing the re&tive value of the various means of producing 
heat, together with the comparisons of the various kinds of surfaces offered to the public, 
and knowing of the exhaustive tests made by you on these subjects, which as an impartial 
party you have been eminently qualified to do, we suggest that you put all this matter in 
shape for publication, and we feel sure it will be appreciated by manufacturers and con- 
sumers. The field is broad and needs what you can give, and for one, we can promise you 
our hearty support if you will undertake the work. 

As I said to you at the time we took the page in your book we do not expect any returns 
from it as an advertisement, for it scarcely will reach the parties we can control, but we do it 
as a tribute to the worth of the author, and as a small pittance towards paying the debt of 
gratitude all Steam Heating Engineers owe to the years of indefatigable work, indomitable 
will, and never-failing energy you have spent on your work. 

I do not flatter when I say that without such workers as you the heating business would 
stagnate and remain in the rule of thumb line it has so long lain in, for we who toil at the 
wrench and vise have no time while hunting the Almighty Dollar to stop and reason out the 
old, or follow new ideas, and unless some one has ambition enough to let the filthy lucre go, 
and work out these problems, we must all plow along in fiirrows that give no returns. 

We hope that your book will lie well received in the trade, and we wish you every success 
you so richly deserve. 



Yours very truly, 



9jTt2^^^>Cc<yxaAjZ p^/^zg^ 



Office of THE IRON REVIEW, 

Buffalo, N. Y., March 10, 1884. 
John H. Mills, Esq. 

Dear Sir, — ^Wc would like very much to have an article from you for our next number, 
on either Ventilating or Steam Heating, to be received not later than 20th. 

We are very particular not to publish anything which may be construed into a puff for 
any one's goods, but want items of news and importance, and we would not ask for this 
except as knowing you to be the most able authority in this city on the subject. 



Yours truly, 




WASHINGTON ASYLUM, 

Washington, D. C, March 7, 18^5. 
Mr. John H. Mills,, Buffalo, N. Y. 

Dear Sir, — Have noticed your interesting articles on steam-heating and results of the 
experiments made with Walworth, Reed, Bundy and Detroit Radiators, published in the 
Commercial Advertiser, of Buffalo, February 23, 1885. Will you kindly mform me of the 
exact size, height, length and width of each Radiator, or the number of pipes or sections of 
the different kmds, and oblige. 

Very respectfully yours, 

i^. -^H 
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J. J. WALWORTH, Prcjidtnt. GEO. H. GRAVES, Treaiurer. 

C. C. WALWORTH, Vice-President and General Manager. GEO. T. COFFINS, Secreury. 

THE OlftliWORTH W. GO. 



CSTABLISHCO 1842. iNCORPOflATCO 1872. 



MANUFACrURERS OF THE 



vijuMQ^w 30UD DIE ?hnm, 



WITH HIL L'S PATENT BI E5. 

STIUiSOH & ASHliEY PIPE W^EHGHES, 

PIPE TAPS, REAMERS, AND DRILLS, 

WALWORTH RETURN BEND RADIATOR, 

PATENT MANIFOLDS AND FLOOR FLANGES, 

CAST IR0N FITTINGS, 
BRASS AND IRON VALVES AND COCKS, 

WHISTLES, LUBRICATORS, OIL CUPS, AIR COCKS, STEAM TRAPS. 

WaluioPth Bench Vise, 

TOOLS AND SUPPLIES OF ALL DESCRIPTIONS. 

14 TO 24 OLIVER ST., BOSTON, MASS. 

Prices and other information furnished to the trade on application. 
For notes of the ♦* rl.se and progresH of UiIk Ann,** see pages 320, .T21. 
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Mr. C. ('. Walworth was born in New Hampshire in 1816, where he 
had the usual school and academy chances for an education. This with 
tejiching employed his time till of age. In 1836 he went West, and 
remained for several yeai-s, returning to be married in 1846. He was 
prosperous in agricultui*al matters, and accumulated a property which 
has since sold for over $100,000. 

The next spring he engsiged with Walworth & Nason in the business 
of steam heating. After three years, or in 1850, he took charge of the 
manufacturing depaitment. Soon after this he invented and patented 
some very fine machines. The six-spimUe tapping machine is here illus- 
trated. With these machines about ten times the amount of work 
could be accomplished, and better than before. Besides being an in- 
ventor of the first order and a successful financier, he is one of the best 
men to handle labor ; he has avoided all strikes and labor troubles ; the 
men, finding that they are justly treated and promptly jmid, have little 
cause for complaint. He became general manager in 1881. 







Mr. Walworth has made many other valuable inventions in the line 
of his business, among which is his patent radiator ; a manifold, which 
reduces the cost over the old-fashioned fittings and gives perfect con- 
trol of the use of the steam ; the patent screiv plate^ which to-day is the 
screw plate of the world, there being a large demand for them abroad ; 
also a patent safety floor flange. In coimection with Mr. O. B. Hall, he 
invented the Walworth Sprinkler, which has saved millions of doUai-s 
woi-th of property. See last page of Volume I. 
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Besides his own contribations to the mechanic art^s be bis aided and 
stimulated others to make inventions of useful and valuaUe tools. The 
Stillson Wrench ^\'as one of these, and to the inventor the company have 
paid large sums in the \*'ay of royalty ; while the well-known Ciapman 
Valve was worked out at the factory in Cambridgejioru and had merit 
enough to succeed and float a stock company. 

He early foresaw the necessity of having a foundry fur casting 
malleable iron, and obtained a bond for a deed of the MalleaUe 
Foundry at Bradford, where he oi^ganized a company called tlie Mai- 
leable Iron Fittings Co. Mr. E. C- Hammer was chosen president. 

The patents for the tapping machine were put in for ^50,000 ; the 
balance was 1^75,000, making the company's capital #125,000. 

All of Mr. Walworth's inventions were valuable, and gave quick 
returns. These profits he reinvestetl in sliares of the company, so tliat 
in 1883 he had acquired a controlUng interest, when there was a change 
of officers and directors, resulting in the present Board. 

The rapid increase of the business of the Walworth company called for 
better and more extensive accommodations, resulting in the purchase of 
the Ciystal Glass Works, at South Boston Point, containing some ten 
acres ; four acres of the upland are fully used for the business. On 
this property is a fine store wharf, which is a saving of a lai-ge 
amount of freight. All coal, sand, and iron being landed above are 
dropped down through the roof into the bins where they are to be 
stored, and tlie iron simply carted to the cujxila. This will melt forty 
thousand jK)unds of iron each day, and is used entirely in the business, 
the company doing no work for outside parties. There is a very fine 
foundry, with railroad to carry the iron when melted, saving the men 
much hard work, besides being able to do much more work for the same 
number of men. The buildings on this property had to be changed to 
meet the new business, and a new building four hundred and twenty- 
five feet long by sixty feet wide. (See last page of Vol. !.)• 

Mr. Walworth is a remarkable man ; although at this writing in his 
seventy-fifth year, he is in the enjoyment of good health, and carries the 
interests of his large and still growing company. 

Having lost in 1887 perliajis the best wife that ever blessed a mortal's 
home on earth, he sorrowed long without hoi>e, until it pleased the 
Father to rewai*d liis faith and show him a ray of light — ''a silver 
lining to the cloud." Tliis was a lady, also bereaved of her fii-st 
and natural protector; what more natural and fitting result than that 
they should agree to comfort and cheer each other's lonely and remain- 
ing years? In shoi-t, they were married Nov. 14, 1889, and soon after, 
in truly youthful style, took the Pullman ti-ain to a land of winter 
fruits and flowei's. 



^ For late portrait of Mr. Walworth, see Froutispieco. 
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BARTLETT, HAYWARD & Ge. 

FOUNDERS AND ENGINEERS.* 

Tlie fuiii and business of UaywartU Fox & Co. Wius commL^ced in 
183U 118 11 general 8ti)ve husuiesi*. 

They built the fiii*t found ly in Baltimore, and in 1844 the fimi of 
Hay wind, Hiirtlett h Co. succeeded to the business, which uj^m the 
death of Mr< I lay ward, in 1865, l^ernvme Bartlett, Robbing & Ciusuid 
in 1880 clianged it^ name to Bartlett, Hay ward & Co., the senior Mr. 
Bart let t| lu» 8on, and the mm of the original Mr. Jonasi U. Hay ward 
constituting the present firm. 

Tlie nienilmrs of the firm are Nt*w Knghmd men : Mr. ^Tntni^ H» Hay- 
ward being from New Hampshire, Mr. Bartlett and the late Mr. RoIh 
bins from Connecticut. Mr. Charles W. Newton, from Massachu- 
setts, became attached to the firm as heating and ventilating engineer 
in 1878. 

In 1844 they added to tlie general stove business the manufacture of 
all descriptions of ornamental and ai-chitectural iron-work, galvanized 
iron-work, vault lights, heating apparatus, high and low pressure steam, 
and their si)ecialty, low-pressure hot water heating, of which they were 
the pioneei*8 in this countrj'. 

Beginning with 1863, they conducted the larg^e business of the 
Winans Locomotive Works in addition to their own works, and subse- 
quently added the manufacture of gas apparatus, which, at the pi-esent 
time, is one of their imi)ortant departments. Specimens of their work- 
manship in architectuml iron-work, heating and gas apparatus, are to 
1x3 found in almost every city in the country, from the Atlantic to the 
Pacific, and from the St. Lawrence to the Gulf. 

Their three principal departments are in charge of engineers of 
extensive experience in their various branches ; the heating department 
being in charge of Mr. Charles W. Newton, of Boston, Mass., tlie gas 
department of Mr. F. Mayer, of Bremerhaven, and the architectural 
department is presided over by Mr. Jesse Phelan, of Baltimore. Under 
each of these superintendents are the various foremen of the special 
and other auxiliary departments. 

Their present works cover two large squares in the city of Baltimore; 
the number of their employes being upwards of one thousand. 

•Office, Keyser Building, S. E. Cor. German and Calvert Streets. ^ 
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Bartlett, Hay ward & Co. 



BALTIMORE, ]VID. 



ENGINEERS ANB GONTRAGTORS 



FOR 



srapi aiiii wjnoi wm u ipunnii jipphips. 




MANUFACTURERS OP 

CAST IRON Badiators for Steam and Hot Water Heating, Flange Pipe and 
Fittings, Screens, Registers, Ceiling Ventilators, Greenhouse Boilers, Trench 
Plates, Chase Covers, Expansion Rollers, Boiler Front and Castings, Smoke 
Pipe, Wrought Iron Pipe Fittings, Steam Water Backs, Expansion Tanks 
and Brackets. 

WROUGHT IRON Steam and Hot Water Radiators, Coils, Safety Pans, Non- 
conducting Aprons, Pipe Hangers, Steam and Hot Water Boilers, Smoke 
Pipe, Steam Bath Boilers, Water Heaters, Boiler Breechings, Dampers. 

GALVANIZED IRON Heating and Ventilating Flues, Emerson Ventilators, 
Cold Air and Fan Ducts, Indirect Radiator Casings, Copper Exhaust Traps. 



The preparation of Plans, Specifications, and Schedules, for Heating and 
Ventilating by Hot Water or Steam, Public Buildings, Hospitals, and Dwelling- 
Houses, by experienced engineers, is a specialty to which the attention of Archi- 
tects and Building Connniittees is particularly invited. 



Office. KEYSER BUILDING, 

Calvert and German Streets. 



WORKS. 

Pratt and Scott Streets. 
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Bartlktt, Hayward & Co. 

A Partial List of Buildings Heated. 



WATER APPARATUS. 



UNITED STATES COURT HOUSES AND 
POST OFFICE BUILDINGS. 



Montgomery, Ala. 

Atlanta, Ga. 

Paducata, Ky. 

Haltimore, Md. 

Grand RapidA, 31 icli. 

Lincoln, Neb. 

• Cincinnati, O. 

Danville, Va. 

Little Rock, Ark. 

Chicago, 111. 

Rockland, Me. 

Jackson, Miss. 

Dover, Del. 

Indianai>oli8, Ind. Buffalo, 



Omaha, Neb. 
NaKhville, Tenn. 
Columbia, S. ('. 
(Miarlostown, W. Va. 
EvansviUe, Ind. 
Fall River, Mass. 
St. I^ul8, Mo. 
Utica, N. Y. 
Cleveland, (). 
Knoxville, Tenn. 
Richmond, Va. 
Parkeraburp, W. Va. 
New York, N. Y. 
N.Y. Trenton, N.J. 



PUBLIC BUILDINGS AND INSTITUTIONS, 
BALTIMORE, MD. 

a & O. Central Office Building. 
Citizens* National Bank. City Hall. 
Second National Bank. Franklin Nat'l Bank. 
Safe Deposit Building. Gail & Ax Offices. 
Mercantile Trust and Safe Deposit. 
PealMKly luHtitute. Pratt Librarj'. 

Johns Hopkins Hospital. Women's Hospital. 
Aged Women's Home. Aged Men'« Home. 

Convent of Notre Dame. St. Mary's Seminary. 
Farmers and Planters' National Bank. 



RESIDENCES, BALTIMORE, MD. 



UNITED STATES GOV. BUILDINGS. 
WASHINGTON, D. C. 

State, War and Navy Buildings. 
United States Treasury Building. 
United States General Post Office. 
Barnes Hospital. Natatorinm. 

St. Ann's Infant Asylum. Marine Hospital. 
Quartermaster-general's Building. 



F. A. Crook, Esq. 

G. B. Graham, Esq. 
J. Hillis, Esq. 
Mrs. McCreery. 

C. P. Paine, Esq. 
W. T. Walters, Esq. 
F. T. White, Esq. 
(lOo. Al>eli, Esq. 
Cardinal Gibbons. 
I). J. Foley. 



J. F. Farland, Esq. 
6. W. Gail, Esq. 
B. F. Newcomer, Esq. 
Miss Mary Garrett. 
N. Poplein, Esq. 
R. Winans, Esq. 
W. F. Burns, Esq. 
A. S. Al>e11, Esq. 
Louis McLane. 
Henry James. 



OTHER PUBLIC BUILDINGS. 

Convent of Mt. DeSales.Catonsville, Md. 

Georgetown College, Georgetown, Md. 

State House, Annapolis, Md. 

Natatorium, Deer Park, Md. 

Ilchester College, Ilchester, Md. 

St. Charles College, Ellicoit City, Md. 

State House, Richmond, Va. 

Hudson Street School Buildings, Cleveland, O. 

National City Bank, and Brown Bros. & Co. 

Bank, New York, N. Y. 
Marine Hospitals, Louisville, Ky., and Cleve. 

land, O. 
Ladies' Seminary, Frederick, Md. 
• Suffolk County Court House, Boston. 



OTHER RESIDENCES. 

P. A. Small, York. Pa. I. Langdon, Elmira, N. Y. 

Dr. F. T. Willis, Richmond, Va, 

A. R. Shephenl, Washington, D. C. 

J. E. Cockey, Es«i., Lutherville, Md. 

A. Wilhclm, Esq., Harrisburg, Pa. 

A. Wilhelm, Esq., York, Pa. 

Robt. Coleman, Esq., Cornwall, Pa. 

Miss S. H. Coleman, Cornwall, Pa. 

Dr. J. S. Billings, Washington, D. C. 

Dr. S. P. Wales, Washington, D. C. 

W. J. Orendorff, Esq., Canton, 111. 

W. R. Allen, Esq.,l^tt8fleld, Mass. 



STEAM APPARATUS. 



UNITED STATES COURT HOUSES AND 
POST OFFICE BUILDINGS. 



Hartford, Conn. 
New Bedford, Mass. 

• Providence, R. I. 
Hannibal, Mo. 
New Orleans, La. 

• Baltimore, Md. 



• Dallas, Tex. 
Leavenworth, Kan. 
Gloucester, Mass. 

• Philadelphia, Pa. 
Aberdeen, Miss. 
Des Moines. la. 



PUBLIC BUILDINGS, V^TASHINOTON, D.C. 
New District Jail. Ebbitt House. 

Willard's Hotel. Hooe Building. 

Abell Building. Corn well Building. 

Central Nat. Bank Building. Agricultural Dept. 
Bureau of Engraving and Printing. 
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♦ Hamilton County Court House, Cincinnati, O. 

N. H. D. V. S., Hampton. Va. 

U. S. Naval Hospital, Portsmouth. Va. 

Dr. Hammond's Sanitarium, Washington, D. C. 

West Virginia Inst, for D. & D., Romney, W. Va. 



PUBLIC BUILDINGS. BALTIMORE, MD. 

Chamber of Commerce. Spring Grove Ins. Asy. 
1 St M. E. Church. Women's College. 

Y. M. C. A. Building. Union Depot. 
Rennert's Hotel. Carrollton Hotel. 

Marburg Bros.' Building. Spiller Building. 
Knabe Building. Wise Bros. 

Johns Hopkins University Buildings. 



U. S. Naval Hospital, Mare Island, Cal. 
St. Luke's Hospital, Chicago, 111. 

• Nat'l Home, D.V. Soldiers, Leavenworth, Kan. 
McDonogh Institute, Baltimore Co., Md. 
House of Correction, Baltimore Co., Md. 

Deaf and Dumb Institute, Frederick, Md. 
U. S. Custom House, New York, N. Y. 
U. S. Barge Office, New York, N. Y. 

• College of Agriculture, Raleigh, N. C. 
•Methodist Episcopal Hospital, Philadelphia. 

• Plans only. 
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H. fflUUUn, 9m. 
SAHl D. 



N. HATLOGK, IL L, 6«1 
J. L 06DEN, Jr^ Swy- 



THE A. A. GRIFFING IRON CO., 

Special Fonnden and Hanufaotnien of a. Complete Lme of 

Steam and Water H^^ting t^adiatops 




THE BUNDT ELITE, TRIUMPH, AND PTRO, PATTERNS. 

A HOT CLOSET AND DININGKROOM BADIATOB 

For Indirect Heating. 

The Celebrated Bundy Perfect and Climax Radiators. 

Also Marble Tops and Artistic Brass Screens, Air Talresy Broaie and BromziB^ 
Liquids^ and all Fittinprs pertaining: to Radiator Constmctlon and Use. 



MAIN OFFICE: 



1^ 



433 Communipaw Avenue, JERSEY CITY, N. J. 

Western Branch : 130 Dearborn St., Chicago ; Philadelphia House, 319 Walnut St. 
WORKS: Janotion N. & N. T. R. R. and Morris Canal, Jersey City. 
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BcTRGir HCATINS AND 12ISHTINS GO. 

l2(CUBPO&ATKD IN 1887. 

Factoby ani> Home Officr, Bebbt Brothkbs, Branch Office, 

Detroit, Mich. Proprietors. 88 Lake Street, Chicago. 



When the great fire of twenty years ago devastated Chicago, one of 
the few buildings not destroyed was that occupied by the Illinois Pneu- 
matic Gas Machine Co. By reason of the general wreck and disturb- 
ance of business, it was, however, thought best to remove to Detroit, 
the headquarters of its principal stockholders, Messi*s. Berry Bros., the 
well-known varnish manufacturers. 

Since that time this company has attained a wide celebrity under the 
style of the Combination Gas Machine Co. The name might liave been 
derived from the spirit of the management — the combination of Yankee 
skill and ingenuity in the evolution of the appai-atus and the perfection 
of new devices with the Western enterprise and push which have planted 
these excellent machines in thousands of buildings all over the United 
States and Canada, as well as in South America and the islands of the 
South Pacific. 

In the year 1887, Messi-s. Berry Bros., having become interested in 
the heating business, opened negotiations with Mr. Geo. Bolton, of 
Peterboro, Ont., a heating engineer of over thirty years' experience, 
and owning a boiler of late and novel construction. His boiler 
had stood the severest tests of the intense cold of Montreal and 
the fifty-below-zero blizzards of Manitoba. The firm obtained the 
rights for the United States. 

In the fall of 1887 they set up some half-dozen sample heaters in 
Detroit, and their manufacture in Detroit was soon afterwards begun. 
In 1888 this industry was united with the Combination Gas Machine 
Co., under the style of the Detroit Heating & Lighting Co. 

In addition to the Bolton Heater and Combination Gas Macliine this 
company make gas cooking, and heating stoves. 

A new branch of the business is the manufacture of fuel gas plants, 
for which there is a growing demand among canning and meat-packing 
establishments, and wherever bronzing, welding, and light soldering are 
to be done. They are also dealers in gasoline for gas machines, in 
mdiators, and other water-heating supplies. For description of the 
boiler and heating apparatus manufactured by tliis company, see pages 
•I 288 and 289. 
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The Gombioation Gas IHaehiDe 

IS THE BEST INDEPENDENT GAS APPARATUS 

FOB FROM 20 TO 1CM30 LIGHTS, 



IT JS ADAPTED TO 



SCHOOUS, CHUt^CHES, HOTELiS, 

FflCTOf^IES, JWmiiS, THEflTl^ES, 




Oue-half cent per hour per burner i!^ the avcruf^e eo8t In 

loealitieB convenient to g^af^oline market, I Ian been 

in use twenty year^ wltliout a HiJi^le accident. 

IT IS CHEAPER AND BETTER THAN CITY GAS. 

CHEAPER AND PLEASANTER THAN ELECTRIC LIGHT, 
SIMPLER AND SAFER THAN OIL LAMPS. 

IT GIVES A SOFT AND BRILLIANT LIGHT. 
IS FREE FROM SMOKE AND ODOR. 

CANNOT EXPLODE, AND LASTS A LIFETIME. 



DETROIT HEftTlNG AND LIGHTING COMPANY, 



88 L^AKE SXKBE^X, 



3QQ WioHX Strs: 



^ KoTB. — The water heating spparatuR of this company is shown hi VoL L, pj 
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THE H. B. SMITH GeffiPANY. 



Till* fiHiiKbiLioii of Uj4* liUivt? cDtiiiniiij wiw laid iti Westfield, M:i2«s^ 
ill IHoIi liv Hfiiry H. ami VAwlu Sinitlu hrnthcr??* Tlicy Iu-mI u small 
fomutiy, fh(^ ptTKltirl U4n^ jiriiH iiMjIly iron fciirt^s*, anil tis the flemanfl 
wiLH Hfiiit4«tL tW liiiHiiU'SH Wiw Hnjiii]i»inrtit<^(l Iiy tlio s-ilr of Ititii])er. 

Tl»i> wjv« cotitiiititsl until iiliout i\w yeiir I860, vvlieii tJity became 
intt^rri4ttHl in, and i:M>tmm*]it*eiI tlie iimnufacttiit? of^ GnldV 8te4&m mmd 
\Vuh*r H^utirrs, tlu* in%'i*niiiin of Siimnvl (told, of Eiij^'1cw*mmI, K* J*, jmii 
Willifim A. F^JwIcH, of Mi*rid4*ii, (*t>iiii* In lite fo!l#i\vin}» ^csir the eoin- 
jMiny lii'giuj iIrt Kak% ant! i*n^"l4*ei iluw firnf *v*i«A*W*/ ^/i-ftiii an*/ trufrr 
hrttthiff apparatunt for trtinnintf rfjtitirtti*fit nmi thn ^m^illrr riatm 'jf buHd- 
in*pt. Th<*y mt*tti*d iiIhmii thn-^ ton** of in»n (M*r djiy itiUi the«e toilers 
fUid their lUTUHijiiinying nidiati^rs. 

In 185D Mr* Jyhn \L lU'ivd v^i in lii.s lot with the compuny, and was 
the able itiid dcvoicd sts-sistant nf llw Hn>tht*r» tlinnightmt all tlic early 
yeani of their ttlmifj^h;*, in iUv coiuslrurt ion, Mile, and t'n*ctioii of tliis 
phneer heating/ apihtrntttd. Tnder llie e<*uihinetl im>«h »lid |»ull of these 
threw men, tlie IntHincMi^ pn»j4iK^t\'d, and I»y iHti^^ a imw and larjjer capohi 
wa« rt*c|uired, ami the ont[>nt wim nmed to eight (»r leu tonn |x*r day. 

Thus iiiatters continued, with varjnug gmwth* from l^i72 l^i 1S7«, 
when there wa^ a depretmian lu tlii^, as in matiy 4)ther linm of hiukme^^ 
and it wa^? foiUKl deJ^iimble to irorganize the finn, ilivi*liug and limiting 
liie ri^Hj Miiisii hill ty, and inereiLHing the capital. It waa al thk lime ikii 
.lolui U* Heed ljt!cannj Prejiident anil fieneral Manager; Andrew iler- 
(!or, Vice-I 'resident; Phillip ('; Smitli, Treasurer. 

A!>out the year 1m72 tlie tHini[>;iriy ecMn 1 the ula- lu* .ir^d 

mle of thi! VVhittier I>ireet Uadiati>r, an ■ . s ih and n i of tW 

GohrH pill extended surface* and in 1873* thts Milk Seeti(*iiiU Safety 
Boiler; these being adapter! forUvtlj fiigh and low ptv^^nre, and thus 
for supplying steam for engines, they hav*' f*ir ti* vkjith foruietl a j^tajile 
and ieatling article of manufactui'©. 

The demand for a better dir<<ct radiator Iieing clearly ouiliiietl, Mr* ^, 
It Rt*ed hiMHight hin pracTtical and invenlive mind in liear an tlie prolv 
lein, und gave the comi>any the " H<'t*d RttiliuttM/' lJ^79, anil, hitiTt the 
celehrated *' R*\i/al Union** Steam and Water Ra<liator** 

The a[»proval of these inventions by the tmde, indneed them to extend 
their works by building a commotlioiij^ fouiidry on the north side nf 
Westtield River, The flfjor area m 50,000 8t]nai*e feet^ ami tlie jdaiii 
can turn out 5,000 to (j,000 feet of dii-ect radialorn j^er day. The eu{Mtb 
i^pacity of ImiIIi foundries i.s now 50 tons per day, and requires n work- 
ing force of nearly 500 men. *8tH*i.iBH»aM-eof VfanropL 
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STEEL AND IRON POLES 



^ 



\ 





ELECTBIC RAILWAYS, ARC AND INCANDESCENT UQHTING, 
TELEPHONE AND TELEQRAPH WIRES. 



MANUFACTURED BY 



fe 



filfORTI IFG. CO,, • - 16 Miter Street, BostoD, lass. 

ninstntad Cataloffoet, Priee-Liito, and other inf orm*iion upon *ppUo*ilon. 
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NELSON CURTIS, 



THIS COMPANY MAKTFACTURES MANY OTHSR 

VALUABLE INVENTIONS 



-FOR- 



REGULATING STEAM AND WATER 

UNDER ALL CONDITIONS OF PRESSURE AND TEMPERATURE. 

The Machines are Carefully Tested, and Guaranteed to Produce 

the Desired Results. 



59 to 63 BEVERLY ST., BOSTON, IVIASS. 



REFERENCES: 

The Babeock k Wtloox Botler Co. The Worthtngton Pomp Co. 

The Whittier Machine Co. The Stnrteraiit Blower Ce. 

The New York Steam Co. The Pallmaii Palaee Car Co. 

The Walworth ManafactariB^ Co. 







Send for Circulars and Price List. 
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TUERK WATER MOTOR 

WITH AUTOMATIC GOVERNOR 



POR THC THRCC LAROK8T 8IZC8. 



THIS IS THE MOTOR POR ALL LIGHT POWER USES. 

For VENTILATING FANS AND WHEELS It is Reliable. 

For CHURCH AND PARLOR ORGANS It Gives Best Results. 



For DENTAL LATHES AND ENGINES It is Simply Perfect. 

For PRINTING PRESSES It Gives Smooth and Regular Work. 
or SEWING MACHINES It is a Domestic Necessity. 

For COFFEE MILLS AND ICE CREAM FREEZERS. 




SHOWINO WORKING PARTS. 

SPECUL MOTORS FOB HOUSE AND STORE ELEVATORS. 



Isi 



THE TUERK WATER MOTORS ARE BIAMUFACTURED ONLY BY THE 

TUERK HYDRAULIC POWER CO., 

39 Dearborn St., CHICAGO. 12 Cortlandt Street, NEW TOBK. 

8CND POR OATALOOUB. 

See ezperlmenU and dlagrrams of actaal datjr on pa^es 080, ftSl, ft82. 
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BALDWI^f Gas Knoink, 

FOR BLBCTRIC LIQHTINQ, POWER, AND PUMPING PURPOSES. 




EXHIBITED AT THE LATE AMERICAN IN8TITIITE PAIR, NEW YORK. 
A four horae-power engine in connection with storage batt<3iy, running 
84 incandescent electric lights (and without battery, 32 lights), giving 
a perfect light, with all the steadiness that can be obtained from the 
high-speed steam engines in common use for electric lighting, and 
permitting any number of lights to be shut off or turned on without 
affecting the remaining lights in the slightest degree. 



OTIS BROTHERS & CO., 

38 PARK ROW, NEW YORK. 
PASSENGER AND KREIGHT ELEVATORS. 
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BOSTON, PHILADELPHIA, PITTSBURG. 
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